








COLOR IN CALIFORNIA WINES 
IV. THE PRODUCTION OF PINK WINES 


MAYNARD A. AMERINE anp A. J. WINKLER 
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(Received for publication, March 25, 1940) 


Pink (rosé) wines are produced in all of the important viticul- 
tural districts of the world although only in very limited amounts 
in California. Approximately 10 per cent of France’s total annual 
production of nearly two billion gallons of wine is rosé. 

The usual method of production is to reduce or eliminate the 
period of fermentation on the skins of the red grapes so that the 
amount of color extracted is diminished and a partial or complete 
fermentation in closed containers is possible. This is especially ad- 
vantageous if the grapes are in poor condition and when prolonged 
contact with the skins would contaminate the must with off-flavors 
or harmful organisms. It also permits reducing the extraction of 
the undesirable foxy flavors from the skins of American varieties 
or of the hybrid direct producers. Important examples of bulk pink 
wines produced in this fashion are those produced from blends of 
early-pressed juice from the Alicante Bouschet, Carignane, and Cin- 
saut in the Midi of France and in Algeria. Pink wines of higher 
quality are produced by early pressing in Tavel, Champagne, and 
Beaujolais in Franee from the Grenache, Pinot noir, and Gamay 
varieties, respectively. 

Pink wines also result from the use of grape varieties which are 
deficient in color. Examples of pink wines of this type are those 
made from the Aramon in southern France and from the Grignolino 
of Italy. Even prolonged contact of the skins and juice during fer- 
mentation ‘produces only a moderately colored wine of these varieties. 

Although most of the pink wines of the world are produced by 
one or the other of the above two methods, Ventre (1930), ocea- 
sionally pink wines are produced by blends of red and white grapes 
before fermentation (as in making Cerasuoli wines in Sicily); by 
blends of wines of different colors and ages, Flanzy (1937b); or by 
combining red and pink wine production from the same grapes (as 
in Algeria), Fabre (1929). Natural sweet wines of pink coloration 
are made from overripe red grapes in France (vin de pailles) and 
Italy (vino santo). Before crushing, the grapes are placed between 
straw or hung on strings in order to partially dry out. Some of the 
color is apparently lost by oxidation during such storage or during 
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fermentation, as the wines have a red-brown color, Flanzy (1937a). 
Aging itself, of course, markedly reduces the color of red wines. 

Pink wines may also be produced from light-colored verieties with- 
out a fermentation on the skins by a heat treatment, such as dipping 
in hot water, Amerine and DeMattei (1940). 


PINK WINES IN CALIFORNIA 

We have been interested in the production of pink wines on a 
commercial scale in California as a new type of wine of considerable 
inherent value. Typical pink wines containing about 11 per cent 
alcohol and .6 to .8 per cent acid are fruity and light bodied. They 
Mature early and may therefore be sold without prolonged aging. 

We have also been interested in pink wines as a possible practical 
means of alleviating some of the production difficulties in the making 
of red wines in certain districts of California. Temperatures during 
the growing period, according to Winkler (1936) and Winkler and 
Amerine (1937), in the San Joaquin Valley and even in the coastal 
districts in certain seasons are sufficiently high that, unless the har- 
vest is particularly early, the grapes of most varieties are too low 
in acid and too high in sugar, when picked, for the production of 
balaneed, dry, red wines. The unfavorable conditions are aggravated 
by the fermentation of the overripe grapes or grapes of poor condi- 
tion in contact with the skins. Earlier picking alone would reduce 
the color and aleohol and increase the total acid. Early pressing 
would furthermore result in completely pink wines with lower alco- 
hol content, less contamination, and cleaner organoleptic character. 


COLOR CHARACTERISTICS OF PINK WINES 

The quantitative expression of the color of wines by either the 
Dujardin-Salleron vino-colorimeter or color standards, Winkler and 
Amerine (1938a}, 1s subject to certain inherent errors. Spectropho- 
tometric measurements are therefore very desirable. Measuring the 
absorption every 10 A from 440 mp to 700 mp and converting the 
transmission factors, Hardy (1936), into appropriate color data are, 
however, laborious and slow processes. In our previous work we 
showed that pink wines have a dominant wave length of from 593 
to 619 mp as compared with that of red wines of 648 to 504¢ mu. 
The brightness of the pink wines was naturally much greater than 
that of red wines. The relative color values of pink varieties, such 
as Grignolino, Aramon, and Grenache, were found to range from 
one-fourth to one-eighth that of ordinary red grapes; summarized 
data comparing various color measurements on pink wines are shown 
(Tables 1 and 2). 
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From these and other data (Tables 3 to 7) we ean state that 
wines having a vino-colorimeter reading of about 400 to 1,000 and 
a color standard value of 40 to 130 may be considered as satisfactory 
pink wines; however, the figures for maximum color content are only 
approximate. The minimum figures (1,000 for the vino-colorimeter 
and 40 for the color standard) are the lowest that would be accept- 
able for commercial pink wines. 

The previous spectrophotometric measurements are confirmed in 
that pink wines show a dominant wave length of 590 to 600 mp as 
compared with about 640 mp for red wines under similar conditions. 
The purity varies considerably depending upon the particular ad- 
mixture of colors. When measured at a depth of one centimeter the 
brightness of pink wines is about three to 15 times that of red wines.’ 

Since the particular hue and purity of color for commercial ac- 
ceptability is variable, we have not attempted to define closely pink 
wines. They form a group of wines ranging from a light ruby red 
to a distinct pink or even orange-pink color. 

The tremendous range of color which may be obtained from the 
same grapes by early and late pressing is indicated (Table 2). This 
range may be extended or reduced by varietal, regional, and seasonal 
influences. 


COMMON RED WINE VARIETIES AS MATERIAL FOR PINK WINES 

In an attempt to secure information concerning the behavior of 
several of the common red varieties when pressed at various inter- 
vals after crushing, a number of experiments were performed during 
the seasons 1935-1939. Some of these wines indicate the possibilities 
of these varieties for the production of pink wines. The analyses of 
the resulting wines are given (Tables 3 to 7).* 

The Petite Sirah, when grown under favorable conditions, usually 
produces well-balanced, dry, red table wines. However, in some dis- 
tricts and in hot seasons or when overripe, it is very susceptible to 
sunburning and raisining and produces heavy, very dark-colored, 
aleoholic wines which are difficult to age and whose acid content is 
frequently too low. This latter condition prompted the investigations 
reported (Table 3). 


* More complete information on the transmission curves and color character- 
istics of these wines will be given in a later paper. 

*The methods of analysis were the usual ones employed in this laboratory: 
total acids by titration to a phenolphthalein endpoint, pH by quinhydrone or 
glass electrode, alcohol by distillation and hydrometer, extract by hydrometer on 
the dealcoholized wine, tannin by indigo carmine and permanganate titration 
(which therefore really measures tannin and coloring matter), and color by the 
Dujardin-Salleron vino-colorimeter and by the color standards previously used by 
Winkler and Amerine (1938a). All analyses were made about four months fol- 
lowing the respective vintages, hence the analytical results of the different years 
are directly comparable. 
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Pink wines may very readily be produced from the Petite Sirah 
as shown (Table 3). These light-colored wines were made by pressing 
the crushed grapes from one to three hours after crushing. It is diffi- 
cult to produce a completely white wine from this variety of grapes, 
even when picked quite early. The finished red wines are somewhat 
lower in total acid and higher in pH, extract, and tannin than the 
light-colored, earlier-pressed wines. The samples which were pressed 
immediately had only a pink-orange hue, which, although not unde- 
sirable, was not sufficiently reddish. This latter color also could not 
be improved by lowering the pH of the wine. The pink Petite Sirah 
wines, however, are attractive, and their production will permit ear- 
lier harvesting and thereby the production of better-balanced wines. 

In contrast with the Petite Sirah, the Carignane makes only a 
moderately colored wine which in the warmer seasons of the interior 
valleys is often too low in color to meet the usual color requirement of 
dry red wines. This condition emphasized the desirability of testing 
the possibilities of utilizing this variety for the production of pink 
wines; the results obtained on a number of lots of wine are shown 
(Table 4). 

The figures further show that it is quite possible to produce a 
practically white wine of this variety by immediate pressing of the 
grapes. The pink wines are not so orange as those from the Petite 
Sirah. Although the wines of this variety grown at Davis are not 
especially desirable in quality, the lighter-colored wines were lighter 
in body and less stemmy, and better balanced in flavor than red 
wines from the same lots of grapes. Although the tannin content of 
red Carignane wines is always somewhat lower than that of the 
Petite Sirah, it is still over two times that of the comparable pink 
wines. The Mataro may be handled in a similar fashion. 

The flavor of wine from the Alicante Bouschet, when fermented 
on the skins, is rough and harsh and the color precipitates during 
storage, both in the wood or in the bottle. The precipitation of the 
color makes it difficult to hold this wine in the bottle. When pressed 
immediately after crushing, there is a very marked reduction in 
eolor, although the pigment of the Alicante Bouschet is present in 
the juice as well as in the skin, and in the warmer seasons grapes 
grown in the hot disiriets when so handled yield a light-colored wine. 

A comparison of the dark red and pink wines (Table 5) indi- 
cates that quite light-colored wines may be made from this variety, 
despite the fact that the juice is pigmented. The color of Sample 
6b (8R + —1000, 39) is the lowest we have ever been able to pro- 
duce by early picking and pressing of this variety. It is roughly 
comparable to Carignane Sample 2b which fermented on the skins 
24 hours. The darkest early-pressed Alicante Bouschet which we 
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have obtained is Sample 8 from Bonny Doon, a very cool coastal 
district where the grapes are exceedingly well colored. The data 
indicate (Samples 2 and 5) that very little time on the skins is 
required to increase the tannin content of the wines made from this 
variety. The samples which were pressed immediately after crushing 
demonstrate the significant decrease in the tannin content when there 
is no contact of the fermenting must and skins. There is a marked 
loss in aromatic taste and in the heavy, harsh flavor in the early- 
pressed samples. It is not meant to imply, however, that any of the 
wines produced from this variety are noteworthy, but the lighter- 
colored samples are the least objectionable. 

Zinfandel, the most widely planted, red-wine grape variety in 
California, is susceptible to bunch rot in the warmer, irrigated dis- 
tricts and frequently gets too ripe even in the cooler coastal areas 
when it is picked late, as is too often the present practice. It has 
thus unjustly gained the reputation of producing slightly sweet, 
alcoholic wines with a heavy and slightly stemmy flavor. The irreg- 
ular manner of ripening of this variety, whereby some berries begin 
raisining before others are more than turning color from red to blue, 
makes it especially difficult to time the picking properly. It appears 
probable that if this variety were handled for pink wines of lower 
alcohol content, the harvest could be advanced to eliminate the raisin- 
ing. In addition, wines made by earlier picking or by earlier pressing 
would, no doubt, be freer of moldy or off-tastes. 


VARIETIES ADAPTED FOR PINK WINES IN CALIFORNIA 
Another group of varieties, usually of lower color value than the 
common wine varieties listed above, produce pink wines without spe- 
cial treatment in the warmer districts of California. In the cooler 
regions pink wines may be produced from them by either earlier 
harvesting or earlier pressing. Those of moderate to low acid would 
be especially improved by advancing the time of picking. 
Sometimes wine of the Nebbiolo is really too dark to be ealled a 
pink wine. It is not, however, a well-colored grape and difficulty is 
encountered in the production of a standard-colored, red, dry wine 
from it. If wines of less color are desired, all that is necessary is 
to pick or press earlier. This variety and two other Italian varieties, 
the Lambrusche and the Mammolo, produce fruity, fairly light- 
bodied, rather tart wines of a desirable pink color. They appear 
well adapted to California conditions because of their above-average 
acidity. 
The Pinot noir is sometimes used for making white wines, al- 
champagne. It 





though for an entirely different class of wines 
ripens so early under California conditions that it seems unlikely 
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to be regularly picked sufficiently early to use for white wines. When 
picked overripe, it may be better handled for pink wine, however, 
than for red wine since it is naturally of low color content. By press- 
ing after only a short period of fermentation, a light-colored pink 
wine is obtained (Table 7). If pressed then, the wine is lower in 
aleohol owing to shortening of the period of contact of juice and 
raisined berries. Naturally, if the Pinot noir is grown under suitable 
elimatie conditions and picked at optimum maturity and in good 
condition for the production of red wine, it would be foolish to utilize 
it for a pink wine. Boutaric, Ferré, and Roy (1937) have shown 
by spectrophotometric measurements that the Pinot noir is also nat- 
urally low in color content in Burgundy. 

In a previous paper, Winkler and Amerine (1938b), we’ have 
indicated the color content of three of the best known of the low- 
eolor varieties: Grignolino, Aramon, and Grenache. We have sum- 
marized (Table 6) the analysis of a number of wines made from these 
and similar varieties of grapes which are suitable for the production 
of pink dry wines. The wines, of five different seasons, are from 
several of the climatie regions of California. This accounts for the 
considerable difference in the relative composition of the individual 
wines. The wines of some of these varieties are medium to high in 
acid content, the latter being an unusual condition for natural Cali- 
fornia wines. 

Wines of the Grenache, the variety from which the Tavel derives 
its character, are shown (Table 7). When grown under the warm 
conditions of the interior of California, this variety, if pressed imme- 
diately, produces a white must; and even under the cooler conditions 
of the coastal valleys it must be fermented on the skins for 24 hours 
or longer to produce desirably colored pink wines. Unfortunately, 
in some districts and seasons in California this variety is too low in 
total acid for dry table wine production. 

Although the inherent color content of the Aramon fits it ideally 
for the production of pink wines, its low alcohol content mitigates 
against its use by itself. Its tremendous productivity, however, should 
make a place for it here to blend with heavier, more aleoholic wines, 
a role which it also fills in France. 

The Grignolino wine is a particular type. It frequently has a 
practically orange color which may not be desirable in the market. 
Owing to the high tannin content of the Grignolino, its wines, when 
fermented on the skins, are, except for color content, more like red 
than pink wines. However, the wine is usually not too astringent if 
properly aged. 

To date, suitable locations for the Aspiran noir, Blau Elbe, Black 
Hamburg, Coristano, Gree rouge, Kadarka, Marearoli, and Piepoule 
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noir have not been found for dry table wine production in California. 
Not only are these varieties unsuited for the production of dry wines 
but they are also unfitted for making sweet dessert wines owing to 
their low or moderate sugar contents. Other varieties concerning 
which we have limited data but which definitely appear to fall in 
this class are Blue Portuguese, Oeillade noir, and Ploussard. Should 
a demand for pink wines develop, other varieties grown in California 
may prove useful. 
SUMMARY 

Pink or rosé wines form an important, if small, part of the Euro- 
pean wine consumption. Their production in California appears 
justified on the basis of providing a new type of wine and also 
because several of the common red-wine grape varieties grown in 
California appear to be better adapted to the production of early- 
pressed pink wines. Such wines are shown to have less extract, 
tannin, and color than the wines fermented on the skins. 

Other varieties which could be grown in California are natu- 
rally deficient in color and some of these have been shown to be well 
suited to production of pink dry wines. 

The dominant wave length of pink wines is lower than that of 
red wines by about 40 my. Pink wines, however, have a much higher 
brightness. The purity of color of the pink wines is somewhat less 
than that of red wines. 
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Although the methods employed in the determination of different 
classes of congeneries in distilled liquors have become rather well 
standardized, many opportunities for iniprovement still exist. It is 
the purpose of the present paper to give modified procedures whereby 
the standard methods may be made shorter, more convenient, more 
accurate, and more economical of time and materials. Certain effects 
and reactions will be discussed, which seem to be inadequately con- 
sidered in the regular manuals and texts on liquor analysis, although 
they have undoubtedly been noticed by many analysts. 


DETERMINATION OF PROOF 


For the most convenient fairly accurate determination of proof, 
the aleoholometer method described by Tobie (1939) is recommended. 
In the presence of considerable amounts of dissolved solids, the modi- 
fied ebulliometriec method of Love (1939) should be more accurate. 
Errors in the ordinary use of the ebulliometer may amount to +.2 
per cent of aleohol, according to Valaer (1938). The pyknometer 
and Westphal balance are more accurate but are much less econven- 
ient to use. 

TOTAL ACIDS 

Although this determination is apparently very simple, involving 
only a titration with NaOH against phenolphthalein, certain difficul- 
ties may arise owing to a deepening of the original brown or yellow 
color of the liquor after a certain amount of NaQH has been added. 
Tests indicate that this discoloration is not due to added caramel, 
but depends upon the action of the alkali on the quercitannic acid 
and related substances derived from the wooden barrels in which the 
liquor was aged, or in the case of some rapid-aged liquors, from the 
oak chips over which the liquor was cireulated to give it a wood 
color and flavor. A very similar discoloration can be observed when 
dilute solutions of gallic or gallotannie acid in water or 50-per cent 
aleohol are titrated with NaOH, the yellow color produced being 
attributable to the production of the so-called ‘‘galloflavin.’’ In the 


1 Contribution No. 5 of the Destileria Serrallés Mercedita, Puerto Rico. 
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titration of light-colored liquors the interference of the yellow dis- 
coloration is usually slight, and with experience the orange-pink end- 
point which is produced can be easily duplicated from one titration 
to another. 

Dark-colored liquors are much more difficult to titrate correctly, 
whether the color be due to added caramel or to the presence of 
larger amounts of wood extractives, or both. Such liquors should 
be diluted with an equal volume of CO,-free water and titrated 
against phenolphthalein as usual. In the presence of much wood 
extractive the color may darken to an intense orange-brown despite 
the dilution with water. If the phenolphthalein endpoint is seriously 
obscured, a satisfactory endpoint can usually be obtained by spotting 
out the titrated liquid onto neutral litmus paper, Tobie (1937b), 
until a drop gives a blue ring visible on the reverse side of the paper. 
The quality of litmus paper used is important. It should contain 
enough litmus to give a distinct blue color with faintly alkaline 
liquids but not so much as to fail to react with traces of alkali. 
There are considerable variations in litmus paper, even of the same 
grade and manufacture. A number of different lots should be tried, 
and when a satisfactory one is found it should be reserved exelu- 
sively for this procedure. 


PREPARED DISTILLATE OF ESTERS, ALDEHYDES, 
AND FURFURAL 

The following method has been found to give the most satisfactory 
results. Pipette 200 ¢.c. of liquor into a 300-c.c. Kjeldahl flask con- 
taining 25 ¢.c. of water, with one or two small (one mm.) particles 
of broken tile added to prevent bumping. Distill slowly at first, using 
the minimum heat of some electrical heater, such as the Cenco adjust- 
able flask-heater No. 16530, employing a Kjeldahl connecting bulb to 
attach the flask to a Kjeldahl condensing tank, and collecting the 
distillate in a 200-c.c. Kohlrausch flask or some other type of 200-c.c. 
volumetric flask. If the outlet tube extends well into the neck of the 
receiving flask, a mereury trap can be dispensed with. 

When no more liquid appears to be distilling over, gradually 
increase the heat so that a drop comes over every five seconds or so. 
Distill the last 50 ¢.c. or so rapidly (see under furfural) with the 
heater adjusted to maximum heat, until 200 ¢.c. has been collected. 
The whole distillation should require about two to three hours. In- 
sert a rubber stopper into the flask mouth and invert a few times 
to thoroughly mix the distillate. The use of electrical heating is pref- 
erable in this distillation, to avoid the possible overheating of the 
sides of the flask which may occur when a gas flame is used, which 
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might result in the charring of material on the sides of the flask with 
the production of furfural and other empyreumatie products which 
would interfere with the accuracy of the analysis, Schidrowitz (1902). 


VOLATILE ACIDS 
Two 50-c.c. portions of the prepared distillates are taken for the 
determination of esters, but it is first necessary to neutralize the 
acids which also distill over, by titration with .1 N NaOH against 
phenolphthalein. Although termed volatile acid by certain writers, 
Simmonds (1919), the acid thus determined represents only a part 
of the true volatile acidity, since it is well known that when mix- 
tures of fatty acids with water (or with aleohol and water) are 
distilled, only part of the acids distills over unless special methods 
are used. This fact is utilized in the well-known Duclaux procedure 
for the approximate determination of different fatty acids in mix- 
tures. For a determination of the true volatile acidity, it is neces- 
sary to employ more rigorous methods of distilling or evaporating 
all the volatile materials, as in the procedures of Valaer and Frazier 
(1936) or of Beyer (1939). Nevertheless, since the acid in the dis- 
tillate must be neutralized before determining the esters, it is of 
some value to determine the amount of acids in the prepared dis- 
tillate, since the value thus obtained serves as an indication of the 
minimum amount of volatile acids (such as acetic) present in the 
liquor. This value may then be calculated and reported as ‘‘ volatile 
acids, not less than .. .”’ or ‘‘acids volatile with esters... .’’ It 
usually amounts to about 25 to 75 per cent of the total acids. The 
ratio tends to be higher in recently distilled liquors, and lower in 
aged liquors whose acidity has been increased by quercitannic acid 
and similar substances dissolved out of the wooden barrels used for 
aging. 
ACCELERATED METHOD FOR ESTERS 
Since liquors owe a large part of their flavor to their ester con- 
tent, this determination is one of the most important in liquor 
analysis. The two standard methods of the A.O.A.C. (1935) give 
fairly satisfactory results but have certain inherent errors which 
may easily be eliminated. Also they require either too much time 
or too much apparatus, and both of them require too much .1 N 
NaOH and HCl. After extensive experiments, the following method 
has been adopted as the most economical and convenient, while 
agreeing well (in the case of most liquors of normal composition) 
with the values obtained by the usual methods. For convenience, I 
have called it the ‘‘accelerated method for esters.’’ 
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After the volatile acids in the duplicate determination have been 
neutralized to phenolphthalein (preferably in 250-e.c. Erlenmeyer 
flasks), pipette 10 ¢.c. more of exactly .1 N NaOH into the flasks, 
and place in the flask-mouths rubber stoppers bearing glass tubes 
of about six mm. diameter and 30 inches length, to act as air-cooled 
condensers. Immerse the flasks in a water bath at 60°C.(140°F.) or 
over, for one hour with occasional rotation. Regulate the heat so 
that the temperature does not rise above 78°C.(172°F.), so that the 
liquid will not boil even if nearly pure alcohol. Cool the flasks to 
room temperature (a running bath of tap water is convenient) then 
titrate with .1 N HCl to a colorless endpoint. Caleulate the esters as 
usual. 

This method has the advantage of requiring no blank determina- 
tion if the corrections tabulated later are applied. It is much shorter 
than the A.O.A.C. method of letting the flasks stand overnight before 
being heated to a temperature less than boiling for 30 minutes. It 
is much more economical of apparatus and bench space than the 
A.O.A.C. method of refluxing for one hour. Two samples can be 
saponified on the same water bath at the same time, while with the 
reflux method four setups of ringstand, flask, reflux condenser, and 
heater are required. By using 10 e¢.c. of .1 N NaOH instead of 25 
to 50 ¢«c., a great saving of standardized reagents is effected. It 
has been found that the smaller amount of NaOH is quite as effective 
in saponifying the esters as the much larger amounts commonly used. 
In addition, the errors due to aldehydes are greatly reduced (see 
next section). 

It may be objected that a large excess of NaOH is needed to 
completely saponify the esters, but such does not seem to be the 
case. With only one sample out of more than 300 rums and other 
liquors analyzed, did this method appear to be inadequate. This was 
in the case of a Jamaica rum, prepared for the German trade, con- 
taining 565 grams of esters per 100 liters of 100 proof. Since the 
sample was at 149 proof, it required 47.8 ¢.c. of .1 N NaOH to hydro- 
lyze the esters in 50 ¢.c. of prepared distillate. Such enormous ester 
values will seldom if ever be encountered in liquors on the American 
market, according to tabulated analyses by Valaer and Frazier (1936) 
and Valaer (1937, 1939). 


EFFECTS OF ALDEHYDE ON ESTER DETERMINATION 

Although the effect of aldehydes in raising the apparent ester 
value was recognized rather early, and at least one method devised 
to correct it, Barbet and Jandrier (1896), the matter seems to 
have received very little attention in recent years. Our results indi- 
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cate that the errors due to aldehydes, although small when normal 
amounts are present, are by no means inappreciable. In cases where 
the aldehyde content is high, as in some samples of alcohol heads, 
or where the aldehydes are in high concentration relative to the 
esters as in the case of some rums, the error may be rather large. 
The relative advantages of the accelerated method for esters may 
be seen (Tables 1 and 2), which show the errors introduced into 
blank ester determinations on 100 proof alcohol containing 0 to 100 
grams of added acetaldehyde per 100 liters, employing three differ- 
ent methods. 

Standard A.O.A.C. Reflux Method: \n this method (refluxing for 
one hour) the acetaldehyde does not seem to neutralize the NaOll 


TABLE 1 
Effect of Acetaldehyde on Blank Ester Determinations by 
Standard A.O.A.C. Methods’ 
REFLUX METHOD 


Apparent 





Acetaldehyde NaOH esters per 100 Color at end 
per 100 liters consumed liters of 100 of titration 
of 100 proof proof 
gm. Ce. gm. 
0 0.57 10.0 Hazy, colorless 
50 0.73 12.9 Hazy, yellow 
100 0.62 10.9 Hazy, strong yellow 


OVERNIGHT METHOD 


0 0.14 2.5 Clear, colorless 
50 0.93 16.4 Clear, light yellow 
100 1.05 18.5 Clear, strong yellow 





1Each value represents the average of two 50-c.c. samples of 100 proof aleohol treated 
with 25 e.c. of .1 NV NaOH. 





used in saponifying the esters, since the high blank value obtained 
is not materially increased when very large amounts of acetaldehyde 
are present (Table 1). The yellow color obtained in the presence of 
acetaldehyde indicates that the latter undergoes resinification. The 
eause of the high blank values in this method is obseure, possibly 
some acid material is extracted from the rubber stoppers under the 
action of the boiling alcohol. 

Standard A.O.A.C. Overnight Method: In this method the NaOH 
solution was added to the aleohol and allowed to stand for 17 hours 
at a room temperature of 28°C.(84°F.), before being heated to 60- 
70°C. (140-158°F.) for 30 minutes (Table 1). With no aldehyde 
present the blank correction is very slight, but as the aldehyde is 
increased the alkali consumption rises sharply. Some of it seems to 
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resinify (vellow color), but another portion apparently forms acid 
by the Cannizzaro reaction, see Elderfield (1930), causing partial 
neutralization of the NaOH. 

Accelerated Method: In this case the blank value is very low in 
the absence of aldehyde and increases rather slowly until the alde- 
hyde reaches a value of 40 grams per 100 liters of 100 proof (Table 
2). Larger amounts of aldehyde cause no increase in the error, which 
remains relatively constant. Presumably the amount of aldehyde un- 
dergoing the Cannizzaro reaction is slight and does not increase when 
the aldehyde is increased above a certain level. The resinification 
seems to increase regularly, since the strength of the yellow color 
remaining at the end of the titrations is proportional to the amount 
of aldehyde, varying from a very faint yellow at 10 to a rather in- 
tense yellow at 100 grams of acetaldehyde per 100 liters of 100 proof. 
To smooth out deviations due to experimental errors, a column of 
moving averages is given, from which is derived a column of proposed 
corrections which may be deducted from the ester value after the 
aldehyde has been determined. The value so obtained should be des- 
ignated as ‘‘esters corrected for aldehydes.’’ Even if this correction 
is not made, the ester value is more nearly correct than that obtained 
by the standard A.O.A.C. methods. 

Discussion: The corrections are based upon the fact that acet- 
aldehyde is by far the most abundant aldehyde in ordinary distilled 
liquors and aleohol. Naturally the corrections are much less reliable 
and possibly even erroneous if applied to the analysis of beverages 
containing other aldehydic flavors, as is the case with some liqueurs. 
Large differences in the alcoholic strength and in the amounts of 
esters will no doubt cause some variation in the amount of the alde- 
hyde error, but trials with purified aleohol at 100 proof containing 
known amounts of added acetaldehyde and ester (ethyl acetate) 
indicate that the variations (if any) are not great. 


SHORT METHOD OF ESTER DETERMINATION 
When it is desired to determine the esters in liquor or aleohol 
which is newly distilled, or which has been stored in glass containers 
or properly lined metal tanks since distillation, accurate results may 
generally be obtained without making a prepared distillate. First, 
determine the total acids, then proceed with the ester determination 
by the accelerated method. This short method is applicable only if 
the liquor has never been in contact with wood, since even a few 
hours’ storage in wooden barrels or tanks will cause the extraction 
of substances which neutralize NaOH in the ester determination, even 
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if the liquor has taken on little or no apparent color. Accordingly, 
the short method is seldom if ever applicable to bottled liquors, al- 
though extremely useful in control work in distilleries. 


RESIDUE FROM PREPARATION OF DISTILLATE 
Some information as to the probable nature of the coloring mat- 
ter present can be obtained by examining the 25 c¢.c. of concentrated 
liquid remaining behind after the prepared distillate has been ob- 
tained. Aging in wood causes the extraction of materials which have 


TABLE 2 
Effect of Acetaldehyde on Blank Ester Determinations by 
Accelerated Method’ 


Suggested 


oelaenrde =| (NaOH estarsper | of apparent esters | SPProximate 
of 100 proof consumed 100 liters per 100 liters ester values for 
| of 100 proof of 100 proof aldehyde error 
gm. | C.c. e gm. gm, 
0 .06 1.06 1.5 » 
10 A | 1.94 2.0 2.0 
20 i | 2.99 3.3 3.5 
30 28 4.92 3.9 4.0 
40 21 3.70 4.6 4.5 
50 29 5.10 4.3 4.5 
60 25 4.40 4.8 4.5 
70 2f 4.90 4.9 4.5 
80 30 5.28 5.0 4.5 
90 27 4.75 4.8 4.5 
100 25 4.40 4.6 4.5 





Each value represents the average of two 50-c.c. samples of 100 proof alcohol treated 
with 10 c.c. of .1 N NaOH. 


a rather light brown color. These substances are largely insoluble 
in the concentrated aqueous solution remaining after the aleohol has 
been distilled off. This is the case even with very light-colored sam- 
ples aged in previously used barrels from which most of the coloring 
matter has been extracted. Accordingly, a brown turbidity or pre- 
cipitate in the ‘‘bottoms’’ of the preliminary distillation is presump- 
tive evidence that the liquor contains some wood color. 


On the other hand, caramel appears to be generally soluble in the 
residual liquid. This is only to be expected, since most of the cara- 
mels on the market are sold in the form of concentrated aqueous 
sirups. Therefore, if the residual liquid is dark brown in color with 
little or no sediment, it is reasonably safe to conclude that caramel 
is the principal coloring matter, provided coal-tar coloring is known 
to be absent. 
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ALDEHYDE DETERMINATION 


Improvements in the standard method of aldehyde determination 
have been given in a previous paper, Tobie (1938). Since that time, 
further work on the improved method has given results even more 
encouraging than those first reported. 

With the improved method of preparing the reagents, the dilute 
standard acetaldehyde solution becomes much more stable. Standards 
were made by dilution of one ¢.c. of each of four dilute standard 
solutions which had been stored in well-stoppered bottles for four to 
nine months at about 5-10°C. (41-50°F.). These matched a freshly 
prepared standard very closely in color, the differences in the shade 
of pink being extremely slight. Accordingly, our previous statement 
(1938) that the diluted standard solution should be used the same 
day that it is prepared, is not correct, provided that the improved 
methods are used and the dilute standard is properly stored when 
not in use. 

The stability of aldehyde-free, 95-per cent aleohol upon prolonged 
storage in glass-stoppered bottles at 5-10°C., has been investigated. 
Four samples, aged four, five, six, and 16 months respectively, and 
one prepared by the Al and KOH method of Stout and Schuette 
(1933) and aged 11 months showed no signs of deterioration. Blanks 
gave colorless tests with the improved Schiff’s reagent, while stand- 
ards containing .20 ¢.c. of dilute standard aldehyde solution in 25 
e.c. of 50-per cent aleohol gave light but distinet pink colors. 

More extensive experience with the Stout and Schuette (1933) 
method of preparing aldehyde-free alcohol indicates that, on the 
average, it is fully as efficient in removing aldehydes as the m-phe- 
nylenediamine-HCl method, and hence may be preferable on the basis 
of greater convenience and saving of time. 

Our sample of Eastman Kodak Company aldehyde-ammonia, No. 
T560, stored at 5-10°C., as described previously (1938), showed no 
visible signs of deterioration after two years. It had only the same 
very faint brownish color as when newly received. A private com- 
munication from the Eastman Kodak Company suggests that at- 
tempts to repurify commercial aldehyde-ammonia in the laboratory 
are not likely to yield good results. Accordingly, only material should 
be used which shows no more than a trace of brown color and gum- 
miness (resinification). Eastman aldehyde-ammonia is standardized 
to a melting point of 93-96°C.(199-205°F.) and samples with a lower 
melting point are probably undesirable. 

At least some of the commercial samples of basic fuchsin on the 
market appear to undergo slow deterioration with age, making them 
less satisfactory for use in Schiff’s reagent. One sample from a 
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reputable manufacturer (certified by the Commission on the Stand- 
ardization of Biological Stains) gave rather satisfactory results when 
first purchased, but after three or four years showed a marked in- 
crease in the amount of insoluble blackish and soluble yellowish 
material present. By careful adjustment of the amount of SO, and 
the use of the carbon treatment to remove the yellowish material, a 
satisfactory Schiff’s reagent could still be obtained from it. Using 
the older methods of preparation, the reagent would have been of 
exceedingly poor quality. 


Seg De 


TABLE 3 
Effect of Alcohol Concentration Upon the Schiff Test’ 





Color after Color after 





(hensMtens 


Alcohol 15 minutes at 18 hours at 
by volume 15°C.(59°F.) room temperature 
pet. “at ; : 
25 Totally colorless Totally colorless 
50 Light, pink Light pink 
75 Moderate pink Deep pink 
95 Very strong pink Intense pink 


1The test was run by the improved (1938) method on .40 c.c. of dilute standard alde- 
hyde solution diluted to 25 c.c. with aldehyde-free alcohol freshly diluted to different strengths, 
and mixed with 10 c.c. of colorless Schiff's reagent. 








Results (see Table 3) indicate that the sensitivity of the Schiff 
test varies greatly with the alcoholic strength of the solutions upon 





which the test is run. This effect should be taken into consideration 
iG when it is desired to determine relatively small amounts of aldehyde, 
i: and care should be taken that the amount of prepared distillate is 
: not so great as to materially alter the strength of the 50-per cent 


aldehyde-free aleohol used for diluting. 


OCCURRENCE OF FURFURAL 
Lincoln (1933) claimed that furfural was present in pot-still but 
g not in patent-still rum. This view is not entirely justified, although 
. new pot-still rum may tend to have a higher furfural content, owing 
to its containing more of the high-boiling constituents than rum made 
with a column still. Valaer and Frazier (1936) suggested that in 
the case of whisky, furfural was possibly derived entirely from the 
wooden barrels; but it was shown by Tobie (1937a) that even freshly 
distilled rums (and presumably also whiskies) which have never been 
in wooden barrels, may contain appreciable amounts of furfural. 
However, the amount decreases as the proof of distillation is raised, 
so that a new rum distilled at 180 proof or higher will contain little 
or no furfural. When aged in barrels, the furfural content of rum 
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increases markedly, most of the furfural in old rum being extracted 
from the wood. 

On the other hand, the absence of furfural is not conclusive 
evidence that rum or other distilled liquor is not genuine, since 
sometimes a carbon treatment is necessary to remove excessive woody 
taste caused by tannins extracted from the barrels. Such a treatment 
often removes much or all of the furfural, even from products which 
previously were relatively rich in it. Caramel added as color will 
introduce some furfural, but the amount is usually negligible. 

Errors in Furfural Determination: An apparent absence of 
furfural may also be due to improper technique in the determina- 
tion. Using colorless aniline, .20 ¢.c. of dilute standard furfural 
solution in 25 e.e. of 50-per cent aleohol is readily detectable, an 
amount equivalent to .08 gram of furfural per 100 liters of liquor. 
Amounts as low as this are perhaps of little analytical significance, 
but on more than one occasion we have known supposedly reliable 
laboratories to report zero furfural in samples which contained as 
much as .8 gram per 100 liters of 100 proof. In some cases, this 
may have led to the condemnation of a perfectly authentic rum as 
a factitious product. 

Owing to the high boiling point of furfural, much of it may be 
left behind in preparing the distillate, giving low values. If the 
distillation is conducted at the slowest possible rate, requiring some 
four hours, much furfural will condense in the bulb and flask neck 
and will run back. To reduce or eliminate this source of error, the 
last quarter of the distillate should be distilled over rapidly. Even 
so, it is possible that in some cases the recommended rapid distilla- 
tion at the end will not bring over all the furfural; for instance, 
take the case of a liquor distilled and aged at a very high proof, 
say 188 proof, and held for several months or years in wooden bar- 
rels. A considerable amount of furfural will be extracted from the 
wood, but owing to the high alcohol content, the prepared distillate 
is more volatile than usual and some furfural will remain behind in 
the ‘‘bottoms’’ of the distillation. 

Improved Reagents for Furfural Determination: The use of 
colorless aniline is very important since even slight amounts of yel- 
low or brown will obscure the light pink color obtained with small 
amounts of furfural or will give the color an orange east. Freshly 
distilled aniline is usually recommended; however it is not difficult 
to keep aniline colorless for several months. 

Slowly distill 100 e.c. of C.P. aniline, discarding the first runnings 
until the distillate is seen to contain no more water. The middle run 
should be homogeneous and practically colorless. Continue the dis- 
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tillation until only 10 ¢.c. of residue remains in the flask. Fill a 
number of one- or two-ounce bottles nearly full of the distillate, 
stopper them securely, and store at 5-10°C.(41-50°F.). In this man- 
ner the effects of heat, light, and air in producing discoloration are 
minimized. Aniline so prepared and stored has been kept for 10 
months with very little discoloration, avoiding the necessity for fre- 
quent redistillations. 

In preparing the concentrated standard furfural solution (one 
gram made to 100 ¢.c. with 95-per cent alcohol) freshly distilled, 
colorless furfural should be used, discarding the first runnings if 
they contain water. Any high-quality aleohol, free of furfural and 
low in aldehydes, may be used in making up the solution. If prop- 
erly prepared, both the concentrated and dilute furfural standard 
solutions are very stable at low temperatures. Stored at 5-10°C. 
(41-50°F.), a dilute solution showed no change in strength after 
eight months, and two concentrated solutions were unaltered at 19 
and 44 months. 

The HCl of sp. gr. 1.125 is easily prepared by diluting 50 c.c. 
of concentrated acid (about 12 N) to 135 ¢.c. with water, checking 
the specific gravity after mixing. 

Conduct of Furfural Determination: By working with about 
half the customary amounts, there is a considerable saving in rea- 
gents, with little or no loss of accuracy. Standards are prepared 
containing 0, .20, .40, .60, and .80 ec. of dilute standard furfural 
solution diluted to 25 ¢.c. with 50 per cent aleohol in 50 e¢.c. Nessler 
tubes. Aldehyde-free alcohol is perhaps best for the dilutions al- 
though a high-grade commercial alcohol such as Cologne spirits 
(tested for low-aldehyde content and absence of furfural) may be 
used. The use of a blank is desirable to permit the observation of 
interfering colors. The best amounts of prepared distillate to start 
with are heavy-bodied rums (Jamaica), .5 to 1 ¢.c. and light-bodied 
rums (Cuban and Puerto Rican) 5 to 10 ec. If the liquor is sus- 
pected to be very low in furfural, a full 25-c.c. amount may be taken, 
if the alcoholic strength does not vary much from 100 proof. Im- 
merse the tubes in a water bath at 15°C.(59°F.). Add to each, one 
c.c. of colorless aniline followed by .25 ¢.c. of HCl of sp. gr. 1.125. 
Place the thumb over the mouth of each tube and invert twice to 
insure thorough mixing, then hold the tubes at 15°C. for 15 minutes 
before reading. 

Difficulties in Furfural Determination: The principal difficulty 
encountered is the occasional appearance of yellowish or orange dis- 
colorations (usually in the unknowns) making it difficult to match 
the eolors. The eause is still somewhat obseure, see Schidrowitz 
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(1902). Possibly aliphatic aldehydes in the prepared distillate are 
responsible, at least in some cases. It is well known that aliphatic 
aldehydes react with aniline in acid solution, a fact which has been 
applied in some methods of preparing aldehyde-free alcohol. Ali- 
phatie aldehydes certainly have some effect when very large amounts 
are present, since application of the furfural determination to 25 c.c. 
of standard acetaldehyde solutions gave a very faint yellow color with 
50 grams and a pale yellow color with 100 grams of aldehyde per 100 
liters of 100 proof. 
DETERMINATION OF FUSEL OIL (HIGHER ALCOHOLS) 


This determination is one of the most important in liquor analysis, 
but unfortunately it is also the most troublesome and time-consuming, 
requiring about as much time as all the other determinations together. 
Accordingly, any improvements resulting in a more convenient method 
are important. 

We have found that when a good grade of carbon tetrachloride 
(A.C.S. specifications) is used, the preliminary procedure of purify- 
ing the solvent is apparently not necessary. Directions for purifica- 
tion by shaking with H.SO, are found even in the latest A.O.A.C. 
methods (1935). This preliminary purification apparently dates back 
to a time when high quality CCl, was difficult to obtain, see Tolman 
and Hillyer (1909). In ease there is any doubt about the quality 
of the reagent, it is well to test for common impurities (especially 
HCl and material darkened by H.SO,), see Murray (1927). CCl, 
which passes the tests should not need further purification. 

In the preliminary saponification of the esters of higher alcohols, 
it is convenient to attach the flask containing the liquor, water, and 
.) N NaOH solution directly to the Kjeldahl connecting bulb attached 
to the Kjeldahl condensing tank and to reflux very gently for one 
hour. Using the minimum heat necessary to boil the mixture, the 
flask neck and connecting bulb will serve as an effective air-cooled 
condenser. At the end of an hour, distill as usual. 

This procedure avoids the use of an extra reflux condenser, and 
eliminates the loss of time in waiting for the liquid to cool before 
transferring it to the distilling rack. The subsequent distillation 
should be rather rapid, to drive over the fusel oil as completely as 
possible. It is convenient to employ a receiver consisting of a 100-c.c. 
glass-stoppered cylinder, with an extra graduation scratched on the 
glass at 115 ¢.e. to allow the last 25 ¢.c. of distillate to be measured 
accurately. A limiting factor in the rapid distillation is the frothing 
and foaming which the highly alkaline boiling liquid often exhibits. 

When the distillate is saturated with solid NaCl, and saturated 
NaCl solution is added until the mixture is of sp. gr. 1.10, a consid- 
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erable amount of NaCl sometimes reprecipitates. This tendency is 
very pronounced in the older method using 100 c¢.c. of liquor, espe- 
cially if it is 100 proof or over. Small volume changes result, which 
are troublesome if a volumetric fraction of the liquid is used. Ac- 
cordingly, it is better to add the saturated solution of NaCl directiy. 
With a high-proof liquor the volume of liquid resulting may be 
rather large, from 250 to 300 ¢.c. In such a ease it is convenient to 
take 100 ¢.c. of the saline liquid for the CCl, extraction, holding the 
remainder for check determinations. 

There is also some tendency for NaCl to reprecipitate when the 
saline liquid is first extracted with CCl,, but this causes little trouble. 
Since the object of the two final washings with Na,SO, is to remove 
NaCl which might form HCl which would pass over in the final 
distillation, we consider it to be a good plan to dissolve all crusts 
of NaCl off the separatory funnels and other apparatus with water 
before shaking out with Na,SO, solution. Contact of plain water 
with the CCl, solution of higher aleohols should be avoided, of course. 
It is important that the CCl, solution of higher alcohols should be 
oxidized with the bichromate-sulfurie mixture without undue delay. 
On one oceasion we allowed such CCl, solutions to stand in stoppered 
separatory funnels, in the presence of moisture, for three or four 
days in a location where they received several hours of sunlight daily. 
After the oxidation and distillation, the apparent fusel-oil values 
were extremely high and did not check with redeterminations. It is 
probable that the moist CCl, decomposed slightly in the sunlight, 
setting free appreciable amounts of HCl. 

In the final distillation of the CCl, and acids after the oxidation, 
it frequently happens that the distillate has a faint yellowish color, 
possibly owing to free chlorine or to traces of CrO, entrained by the 
vapors in the last stage of distillation. This will oxidize and bleach 
the methyl orange or phenolphthalein added as an indicator in the 
subsequent titration. The A.O.A.C. methods (1935) direct that if 
this yellow discoloration occurs, the distillate should be discarded and 
the determination repeated. We have found, however, that the addi- 
tion of five to 10 drops of 10 per cent sodium thiosulfate solution, 
as recommended by Woodman (1931), will prevent the bleaching of 
the indicator. Since the determination of higher alcohols is not only 
tedious but is only approximate at best, this appears to be more 
advantageous than repeating the determination and possibly encoun- 
tering the same condition again. Although the A.O.A.C. methods of 
recent years have discarded the preliminary titration with methyl 
orange, we regard it as being a worth-while intermediate step, afford- 
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ing some clue as to the correctness of the result. If the ratio of 
methyl-orange acidity to phenolphthalein acidity is high, say over 
10 per cent, there is some possibility that traces of HCl have been 
produced and have distilled over; if it is less than 10 per cent, the 
distillation and titration are presumably more satisfactory. For a 
discussion of the value of the use of methyl orange, see Allen (1923) ; 
for useful details of procedure, see Woodman (1931). 


In the final titration with phenolphthalein, the flask should be 
swirled strongly before reaching the endpoint, so that fatty acids 
dissolved in the CCl, will react with the NaOH in the aqueous layer. 


METHOD OF REPORTING FINAL RESULTS 


The results of all the foregoing analyses are best reported in 
terms of grams of congeneries per 100 liters of 100 proof spirit. This 
serves to reduce the analyses of liquors of different proofs to a ecom- 
mon basis. It is troublesome to make comparisons of analyses of 
different liquors when the congenerics have been reported only as 
sO many grams per 100 liters, without reference to the proof. 
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A STUDY OF HOMEMADE ICE CREAM? 


V. D. FOLTZ ann W. H. MARTIN 
Kansas Agricultural Experiment Station, Kansas State Agricultural College, 
Manhattan, Kansas 


(Received for publication, April 25, 1940) 


The introduction of the mechanical refrigerator and of ice cream 
powders has caused a revival of interest in frozen desserts which 
ean be made in the home. Many housewives prefer homemade ice 
cream to factory made. In a study made by Smith (1937) 20 per 
cent of 200 consumers interviewed reported that they made home- 
made ice cream. Of the reasons given one-half stated that the quality 
was better, one-third indicated that it was more convenient, and one- 
fifth said they had more confidence in the homemade variety and 
that it was cheaper. : 

In a similar study made by Longstaff (1935) 20 per cent of 145 
customers interviewed preferred to make their own ice cream; when 
asked why, 49 per cent indicated that it was of better quality, 27 
per cent said it was more convenient, 14 per cent that it was cheaper, 
and 10 per cent gave other reasons. 

Since there is a lack of technical information concerning home- 
made ice cream, this study was undertaken to obtain additional 
information concerning why the housewife prefers to make her ice 
cream, what ingredients she uses, and something about the composi- 
tion and sanitary quality of the product. 


RESEARCH PROCEDURE 

During the period from September, 1938, to June, 1939, 100 
samples of ice cream were collected from 40 housewives living in 
Manhattan, Kansas. In collecting samples of the ice cream a three- 
ounce portion was removed from the original freezer with a sterile 
spoon and placed in a sterile wide-mouth sample jar. The sample 
was transferred to the laboratory and refrigerated at —17.8°C.(0°F.) 
until examined bacteriologically. In no instance did a sample remain 
in storage longer than 72 hours before being analyzed. At the time 
each sample was taken, information was obtained from the housewife 
concerning her reasons for making ice cream in the home, the ingredi- 
ents, and the type of freezer used. 


‘Contribution No. 195, Department of Bacteriology; Contribution No. 134, 
Department of Dairy Husbandry. 
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Butterfat and total-solids content of the ice cream were deter- 
mined by the Mojonnier and Troy method (1925). 

A standard plate count was made on each sample using the 
American Public Health Association (1934) procedure. The number 
of coliform organisms was determined by inoculating duplicate tubes 
of brilliant green lactose peptone bile with appropriate dilutions 
according to the American Public Health Association (1939) pro- 
cedure. The smallest inoculum which gave a positive presumptive 
test was confirmed by streaking on eosin methylene-blue agar. Typi- 
eal colonies of the predominating coliform type were isolated and 
examined by Gram’s stain and for ability to ferment lactose with 
acid and gas formation. The results were expressed as (a) the small- 


TABLE 1 


Reasons for Making Homemade Ice Cream 


: Given in Total 
Main combination number 
Reason for making reason with other times 
given reasons mentioned 
41 14 55 
18 16 34 
Convenience... ses 15 
Safety 2 13 15 


est quantity of inoculum from each sample giving a positive pre- 
sumptive test, and (b) the number of these positive presumptive 
tests which were confirmed. 


DISCUSSION OF RESULTS 

Reasons for Making: Among the reasons given for making home- 
made ice cream economy ranked first, being mentioned 41 times alone 
and 14 times in combination with other reasons, or a total of 55 times 
(Table 1). Other reasons given and the total number of times men- 
tioned were taste 34 times, convenience 25 times, and safety 15 times. 
Another reason not listed but given in a few instances was that a 
product low in fat could be made in order to meet the dietary re- 
quirements of certain members of the family. 

Ingredients Used: A list of the various ingredients and the 
number of times each was used (Table 2) shows that the principal 
ingredients were milk and cream. Raw products were used in a 
greater number of instances than pasteurized products. Only 17 
samples contained condensed milk and four of these contained Caro- 
lene (evaporated skim milk and coconut oil). Prepared ice cream 
powder mixtures were used in 32 instances. Almost half of the 
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samples (45) contained eggs and only a comparatively few (13) 
contained gelatin. 


The popularity of the different flavors is indicated by the number 
of times each was encountered; the flavors were vanilla, 60; choe- 
olate, 18; fruit, 14; nutmeg and spice, 4; malted milk, 3; and sherry 
wine, 1. 

Methods of Freezing: Only two methods of freezing were used; 
the hand-operated dasher type of tub freezer, which requires a 
mixture of salt and ice as a refrigerant, was used 23 times and the 
freezing units of a mechanical refrigerator (pan freezing) were used 
77 times. Approximately 25 per cent of the ice cream frozen in a 


TABLE 2 


Ingredients Used in 100 Samples of Homemade Ice Cream 


Number of 








Ingredient ‘ times used 
NOE Si baiisisccrncnsinsniacectvickanscatoussaesseoviaserstomineuecstdenbeneuciensunes 54 
Pasteurized milk 42 
Raw cream 57 
ANE IIe eee ae vee nae en Ee nee 20 
Ie cae ia cece santa aiannadenaas 9 
DWOSUEMOE COMGONEOE THEIR. 60..0csccscssscsvccerecresccentsscvcsovscees 4 
a a 4 
8 RESIS RR ee Oe ee eaee REET MPRA ror 32 
I INI SII ts iebinoddbniupicnaiooe is Vania acasenmanessaduaniens 2 
Eggs.. a REL RT ROE et oe ee 45 
I icctitieedssencitenesnsicaceciensdunevosdecessniebudsvmenssnenabevesicoussaseensennans 13 
da citcicinisios secnaniecvcbanoxsenckercseeracuusssoesusesinasuesevsndsoroudesebn 1 





refrigerator was agitated during freezing in an attempt to improve 
texture. Agitation was accomplished in some instances by whipping 
with a spoon and in others by the use of a hand-operated mechanical 
egg beater. 

Composition of Ice Cream: The 100 samples of homemade ice 
eream are classified according to butterfat and total-solids content 
(Table 3). Forty-three per cent of the samples contained less than 
10 per cent butterfat and 36 per cent contained less than 33 per 
cent total solids. Considerable variation existed in the composition 
of the ice cream. The butterfat content ranged from a low of 1.4 
per cent fat to a high of 35.4 per cent with a logarithmic average con- 
tent of 9.8 per cent. The total-solids content varied from a low of 17.84 
per cent to a high of 53.36 per cent with a logarithmic average con- 
tent of 34.07 per cent. 





V. D. FOLTZ AND W. H. MARTIN 

The wide variation in composition which existed would indicate 
that some persons were either interested in economy or preferred 
an ice cream low in butterfat while others desired a richer product 
high in butterfat. Ice cream made from whipping cream and hard- 
ened in a mechanical refrigerator, probably accounts for the high 
butterfat content in some samples. 

Bacterial Counts: The results of plate-count determinations are 
arranged according to the method of freezing and kinds of ingredi- 
ents used in an attempt to study the influence of these factors on the 
number of bacteria in the finished product (Table 4). All of the 
100 samples (Group 1) had a logarithmic average count of 171,000 


TABLE 3 
Distribution of Butterfat and Total-Solids Tests on 100 Samples 
of Homemade Ice Cream 





Total solids 

















Butterfat 

. Number 5 | Number 

Group of samples Group of samples 
Below 10 per cent.............s0000 43 Below 33 per cent............. 36 
10 to ITD per COMt......cccoccccoree 15 33 to 36 per cent.............000+ 22 
EZ 00 IBD HET COME....0..c0ssceseere 12 | 36.1 to 40 per cent.............. 19 
14 per cent or over 30 | 40.1 per cent or over........... 23 
Total number samples ....... 100 100 


bacteria per milliliter. This is 1.77 times greater than the count 
per milliliter reported by Foltz and Martin (1938a) on 279 samples 
of Kansas factory-made ice cream, and 1.71 times greater than the 
Kansas State Standard for commercial ice cream. 

In comparing average total counts on samples frozen in the tub 
(Group 2) and samples frozen in the refrigerator (Group 3) the 
tub-frozen samples averaged approximately 14 times higher than 
the refrigerator-frozen samples. 

The logarithmic average count per milliliter of the 42 samples 
in which raw milk and cream were used exclusively (Group 7) aver- 
aged approximately 23 times as high as those samples in which 
pasteurized milk and cream (Group 4) were used. 

Of the 17 samples made from pasteurized milk and cream (Group 
4), 15 were refrigerator frozen (Group 5) and two were tub frozen 
(Group 6). The average logarithmic count of refrigerator-frozen 
samples was 17,000 and that of the tub-frozen samples was 597,000. 
When comparing the 42 samples made from raw milk and cream 
(Group 7), 32 of which were refrigerator frozen (Group 8) and 10 
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of which were tub frozen (Group 9), the latter group had an aver- 
age count which is approximately 21 times the former. 


The above two comparisons indicate that the method of freezing 
and the type of ingredients used may have a marked influence on 
the total number of bacteria in the finished product. 


A true explanation of the higher counts obtained on the 23 tub- 
frozen samples as compared with the 77 refrigerator-frozen samples 
eannot be made at this time although the possible explanation of 


this may be due to the agitation to which the tub-frozen samples 


TABLE 4 


Total Count and Coliform Counts on Samples of Homemade Ice Cream 





Log. av. 














Group Description Log. av. coliform 
count count 
1 All samples : 171,000 70 
2 23—Tub frozen 1,205,000 7,871 
3 77—Refrigerator frozen 87,000 18 
4 17—Pasteurized milk and cream 26,000 9 
5 15—Pasteurized milk and cream, 
refrigerator frozen 17,000 ~ 
6 2—Pasteurized milk and cream, 
tub frozen 597,000 77,400 
7 42—Raw milk and cream 
& 32—Raw milk and cream, 590,000 2,673 
refrigerator frozen 287,000 32 
9 10—Raw milk and cream, 
tub frozen 5,930,000 38,550 








were subjected. This agitation would unquestionably have a_ tend- 
ency to break up large clumps, chains, and agglutinated masses of 
bacteria thus tending to give higher plate and coliform counts. The 
difference in count which would be obtained on a split sample of 
ice cream mix, one-half of which is frozen in the refrigerator and 
one-half in the tub, will determine this effect. 

Other possible causes of high counts in tub-frozen samples are 
(1) improper sterilization of the lid, can, and dasher; (2) seepage 
of melted ice into the can owing to (a) overfilling with ice and 
salt, (b) improper fit of lid, (¢) improper fitting and arrangement 
of gear mechanism and hole in lid; and (3) carelessness in packing 
ice cream that is to be held for consumption. 

That the type of freezer used eifeects the bacterial count of com- 
mercially made ice cream manufactured from pasteurized products 
has been previously reported by Foltz and Martin (1938b). They 
found that the total number of bacteria in ice cream made in tub 
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freezers averaged seven times higher than in that made in counter 
freezers. 


Coliform Counts: The dairy baecteriologists have been using the 
coliform and total-count determinations as a measure of the sanitary 
quality of various pasteurized dairy products. With a thorough 
knowledge of the limitations of the test the coliform determinations 
were made on all samples and the results of these coliform determina- 
tions are presented (Table 4) in the same groupings as were total 
counts. 


TABLE 5 
Presumptive Tests for Coliform Group 





Smallest quantity Number Number 
yielding + test } of samples confirmed 
ml. | —— 
0.000,001 6 6 
0.000,01 7 7 
0.000,1 4 4 
0.001 14 14 
0.01 15 14 
0.1 18 17 
1.0 22 20 
Tetal....... 86 s3* 











157 Aerobacter aerogenes, 13 Escherichia coli, and 12 mixed types. 


The coliform counts of Group 5 (pasteurized milk and cream, 
refrigerator frozen) and Group 8 (raw milk and cream, refrigerator 
frozen) samples probably reflect the quality of the daily products 
used in homemade ice cream. Assuming that the coliform count on 
Groups 5 and 8 is a reflection of the sanitary quality of the dairy 
products used, the excessive counts observed in Groups 6 (pasteur- 
ized milk and cream, tub frozen) and 9 (raw milk and cream, tub 
frozen) may be attributed to contamination during tub freezing. 
These excessively contaminated samples are responsible, then, for the 
increased counts in Groups 4 and 7 (raw products) and reflect once 
again the effect of the method of freezing on bacterial quality.’ 

The quantities of ice cream which yielded positive presumptive 
tests are presented (Table 5). Of the 86 positive presumptive tests 

* Since the comparison of Groups 4 to 9, inclusive, involves small numbers of 
samples, an effort was made to determine statistically whether the differences 
were significant. When subjected to Fisher’s T test, the value of T for Groups 5 
and 6 is 2.40. The probability is that a difference as great as this would occur 
somewhere between one in 20 and one in 50 times by chance alone and although the 
number of samples in each group is small, the findings are of. real significance. 


The value of T for Groups 8 and 9 is 3.86 which indicates that the differences 
in these two groups are highly significant. 




















A STUDY OF HOMEMADE ICE CREAM 37 


the predominant organism in 57 was confirmed as belonging to the 
Aerobacter aerogenes types, 13 as Escherichia coli types, while an 
approximately equal distribution of the two types was found in 12 
eases. In the cases of the four nonconfirmable positive presumptive 
tests no attempt was made to determine the cause of the false test. 

Distribution of the total counts (Table 6) of 100 samples of 
homemade ice cream is compared with 279 samples of commercial 
Kansas ice cream reported by Foltz and Martin (1938a). In both 
the homemade and commercial samples approximately 40 per cent 


TABLE 6 
Distribution of Standard Plate Counts (Logarithmic Average) on 100 Samples of 
Homemade Ice Cream Compared With Kansas Commercial (1937) Ice Cream 





Homemade | Commercial 








Range of counts “Number | Number | 
samples Pet. samples Pet. 
OI I aes 19 19 34 12 
Oe <I  iincnsevciessiscncsccsmbsetustepieapions 21 21 ss 30 
= Sr iiccecs cieisicsscvncoonanicesesneceucinnnies 8 s 41 15 
I I nts cscncsnsrisnslsicsnasncai 1 | 6 6 69 =| 25 
SED > CEILI senccencnsscntcansensnamniedsbeicensons 11 11 1] 4 
FD ~ Fe icicnevessccsnsoccnacecteoscosese 23 23 25 9 
10 million and over 7 7 14 5 
BVOPRRE BT CRG sicccscsisveviciccsnvessesnsenives 171,000 96,500 


would fall into a elass under the 50,000. In one million and over ten 
million groups, however, a marked number of the homemade samples, 
30 per cent, compared with 14 per cent in commercial samples, pre- 
dominate. 

SUMMARY AND CONCLUSIONS 

A study and analysis of 100 samples of homemade ice cream 
showed that the reasons and number of times mentioned for making 
homemade ice cream were economy, 55; taste, 34; convenience, 25; 
and safety, 15. 

Milk and cream were the principal milk products used, with raw 
products predominating over pasteurized products. 

The two methods of freezing homemade ice cream were the tub 
method and freezing in a mechanical refrigerator with or without 
agitation. 

The butterfat and total-solids content of 100 samples of home- 
made ice cream examined varied within wide limits, ranging from 
a low of 1.4 per cent fat to a high of 35.4 per cent, and a low of 
17.84 per cent total solids to a high of 53.36 per cent. 
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The bacteriological quality of homemade ice cream averaged 
lower than that of commercial ice cream collected in a survey some- 
what earlier. This was undoubtedly due, in part, to the use of 
unpasteurized dairy products in some samples. The samples of home- 
made ice cream made from pasteurized milk and cream and frozen 
in the refrigerator had an average bacterial count of 17,000 per 
milliliter which compares very favorably with the best factory-made 
ice cream. 

In comparing all samples, refrigerator-frozen samples were bac- 
teriologically superior to tub-frozen samples. 

Samples of ice cream made from pasteurized milk and cream and 
frozen in the refrigerator were lower in bacteria than those frozen 
in the tub. 

Samples made with raw milk and cream were lower in bacteria, 
if pan frozen, than those which were tub frozen. 
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In connection with other studies in our laboratory, we have been 
interested in a rapid and reliable method for the determination of 
riboflavin (vitamin G). A review of the subject is given in a recent 
report by Hodson and Norris (1939), who have developed a fluoro- 
metric method which utilizes a new photoelectric colorimeter and is 
based on the fluorescent properties of the vitamin. In contradistine- 
tion to the physicochemical approach of Hodson and Norris, a micro- 
biological assay method, based on the growth and acid production of 
L. casei « in the presence of graded levels of riboflavin, has recently 
been proposed by Snell and Strong (1939a). 

Hodson and Norris (1939) have reported that the two methods 
are substantially in agreement, while Snell and Strong (1939a) have 
presented results which show good correlation between the micro- 
biological procedure and the rat-assay method. In addition, the latter 
investigators (1939b) have shown that L. casei « will not respond to 
simple analogs of riboflavin and therefore satisfies one of the prin- 
cipal requirements of a dependable assay procedure. 

The fluorometric procedure also includes several corrective steps 
which are designed to eliminate the effect of interfering substances 
generally present in extracts from vegetable or animal sources. Since 
these corrective measures are not required in the microbiological 
procedure, the latter appeared more desirable at the outset for our 
purpose, particularly in the case of low-potency materials. 

Representative results of a number of assays are presented in 
this communication and we feel that these demonstrate the reliability 
of the microbiological method. 


EXPERIMENTAL PROCEDURE 
The procedure will be given only briefly here, as it is described 
in considerable detail by Snell and Strong (1939a). 
Basal Medium: The riboflavin-free basal medium contains photo- 
lyzed, sodium hydroxide-treated peptone, .5 per cent; glucose, 1 per 
cent; sodium acetate, .6 per cent; cystine, .01 per cent; inorganic 
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salts; and riboflavin-free yeast extract supplement equivalent to .1 
per cent yeast extract. 

Procedure: In our studies we have used 18x 150 mm. test tubes 
with ground bands two centimeters below the rims. The tubes are 
readily numbered in pencil as each run is set up. 

Five cubic centimeters of the basal medium are measured into 
each test tube, to which is then added a suitable aliquot of the stand- 
ard riboflavin solution (one microgram of crystalline riboflavin per 
cubic centimeter) or unknown solution. The standard is run at 
seven levels which supply from .05 to .5 microgram of riboflavin 
per tube, while the unknown is set up at six levels which are cal- 
culated to supply approximately .05 to .3 microgram per tube. 

Extracts of the material to be assayed can be prepared in several 
ways. The extraction of riboflavin-rich materials, for example, is 
effected by autoclaving for 15 minutes at 15 pounds pressure, in 
the presence of a large volume of water. The preparation of extracts 
by boiling in the presence of .1 N hydrochloric acid will also yield 
reliable values after neutralization. For riboflavin-low materials and 
fuller’s earth adsorbates, we have followed the procedure of Supplee, 
Bender, and Jensen (1939), who have demonstrated that 80 per cent 
aqueous acetone is an efficient extracting agent for riboflavin. The 
acetone is removed before the final dilution to volume. In all eases, 
an amount of extract presumed to contain 100 micrograms of ribo- 
flavin is diluted to 100 ¢.c. and this dilution used as the solution 
of the unknown. 

After the addition of the standard riboflavin solution or the un- 
known, the tubes are made up to 10 ¢.c. with distilled water, plugged, 
and sterilized. 

Inoculation: In a report from this laboratory by Black and 
Arnold (1940) it has been shown that the inoculation time is mate- 
rially reduced by the use of a syringe for dispensing the organism 
in saline solution. Approximately five e.c. of the suspension will 
inoculate about 150 assay tubes in less than 40 minutes. 

Evaluation of Response: The riboflavin content of our extracts 
was evaluated on the basis of the lactic acid production after 72 hours 
by titration with .1 N sodium hydroxide. If a suitable photoelectric 
colorimeter is available, turbidimetric measurements may also be 
used, in accordance with the procedure of Snell and Strong. In 
either case a curve is established for the standard and used in the 
evaluation of the unknown. The variations in the standard curve 
are relatively small from day to day. 
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RESULTS 
The results show agreement at three significant levels (Table 1). 
In accordance with the suggestion of Snell and Strong (1939a), 
interpretations were not made unless this requirement was met. 
The riboflavin content of the dried skim milk samples, 16.6 and 
15.9 micrograms per gram, was somewhat lower than the values sub- 


TABLE 1 


Riboflavin Assays on Natural and Concentrated Source Materials 





SYS Amount | Riboflavin — 
Sample assayed content 
i mg. | ¥Y per =. 
Brewers’ yeast (Sample VS 973)...........cccccsccssccssssssceses 1.05 | 45.8 
1.40 44.3 
2.80 | 45.7 
I aitancctancacicredicdeutanmwanauceenarmiie rime 45.3 
Dried skim milk (Sample BIz)................cccscccesseseeeseeeeees 3.00 15.1 
4.50 16.7 
6.00 16.0 
I ic.cacavicscscccceiicchesciecsdtionesnanicaiiaainembiicneeedl  aeemen 15.9 
Dried skim milk (Sample LL )..................cccccscsssscsssssoess 2.50 16.4 
3.75 16.8 
5.00 16.6 
No en | gale 16.6 
Fuller’s earth adsorbate from rice-bran 
concentrate with added whey adsorbate 
PRIN WI SN sdincricsieicecccicccncenientaesstyniencscscneniecniens 1.20 80.0 
1.60 84.3 
2.40 79.5 
chines cscbisiakssctuicamauisaausaitatasicibioad||* . awvitiihe 81.3 
Re II TR pheno iscracetiprcaciaestesercoccenadteaeicuncmoeciemeitten 0.2025 306.0 
0.2700 311.0 
0.4050 320.0 
eet cau e te decker ne ee Loe 312.0 
SIN IRI HIN cist cnscciccccicenasuscbuensaseernskesaetniianbieniuconens 25.00 2.96 
37.50 2.88 
75.00 2.71 
I siaseshneenindenvessanisessincdiedstcncibcasisapsctunainensindl a 2.85 
| 
RO I iis co nscccesrnsniesmentsvetineceneautenesecnnsvissiaminiostormebescciatees | 20.00 4.30 
| 30.00 3.74 
| 40.00 3.95 


IN inticintccioamnmaouasiannein, “Seems 4.00 
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mitted by Hodson and Norris but well within the expected differences 
in separate samples. The values are similar to those reported by Snell 
and Strong (17 micrograms per gram). 

Liver extract has been widely used as a source of the vitamin B 
complex, and the value reported here, 312 micrograms per gram, 
justifies the high regard for this material as a source of riboflavin. 

The riboflavin content of brewers’ yeast, 45.3 micrograms per 
gram, is in the same range as that reported by Levine and Reming- 
ton (1937) on the basis of rat assay (20 to 21.4 Sherman-Bourquin 
units, or approximately 50 micrograms per gram). 

No other riboflavin values for rice bran or processed rice bran 
are available in the literature. 


TABLE 2 


Degree of Agreement in Separate Assays 








Riboflavin content 


Sample ate 
Assay 1 Assay 2 


Vitab Type II Liquid (Sample VK 297) 12.1 y/ee. 12.3 Y/e.c. 
Fuller’s earth adsorbate (Sample EP) 12.27/gm. | 12.7 ¥/gm. 
Vitab Type II Liquid (Sample CB 1) 13.6 ¥/c.e. 13.9 y/c.c. 





The results (Table 2) demonstrate the degree of agreement which 
can be obtained between determinations on the same material in sep- 
arate assays. While wider differences may occur at times, the expe- 
rimental error of the method appears to be small, particularly since 
some slight variation in riboflavin content can be expected in check 
samples. 

The two samples of Vitab Type II Liquid were also assayed for 
riboflavin by the rat-growth method * which indicated that they con- 
tained slightly over 10 micrograms of riboflavin per cubie centimeter. 
A eloser evaluation was not attempted, in view of the known varia- 
tions of the rat-assay method. The adsorbate sample did not yield a 
reliable value by rat assay, as the animals were unable to ingest the 
quantity of sample required for the assay. 


DISCUSSION 
According to our observations, which confirm the findings of Snell 
and Strong, the microbiological method for determination of ribo- 
flavin has a number of points to recommend it as the method of choice. 
Its specificity has been demonstrated, and variations in the standard 
riboflavin curve are only slight. In addition, the method yields gen- 


*These values were made available by F. D. Baird, Nopco Natritional Lab- 
oratory. 





RIBOFLAVIN DETERMINATION 43 


erally concordant results at three levels of the unknown, while the 
degree of agreement between separate samples is also quite satisfac- 


tory. 

The variation in evaluation of the Sherman-Bourquin unit into 
terms of pure riboflavin, Bessey (1938), suggests that the riboflavin- 
low diets used in separate laboratories possibly differ not only in the 
amount of riboflavin contained in the diet, Day and Darby (1938), 
but also in amounts of other factors of the vitamin B complex re- 
quired by the rat. 

The microbiological procedure, which is much more rapid than 
the rat-assay method, has therefore a number of advantages which 
lead us to believe that it is the method best suited to the determina- 
tion of riboflavin, particularly where a biological method is preferred. 


CONCLUSION 

The microbiological procedure for the determination of riboflavin 

has been applied to a number of natural and concentrated source 

materials. The method gave fully satisfactory results and is recom- 
mended as the method of choice. 
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Tomatoes constitute an important source of vitamin C (ascorbic 
acid) in rural Utah. They are produced abundantly throughout the 
irrigated valleys and, taking the state as a whole, the season during 
which they are available is relatively long. Ordinarily, ripe tomatoes 
may be had in Utah’s ‘‘Dixie’’ as early as the first week in July, 
and in various parts of the state as Jate as the last week in October. 

It is of interest to Utah residents, therefore, to know how good is 
this source of the antiscorbutic vitamin, whether its value is con- 
stant, or if variable, what factors are responsible for its variation. 

That the vitamin C content of fruits and vegetables does vary 
under certain conditions is shown by the reports of numerous inves- 
tigators. Among the causes reported are variety by Bessey (1938), 
Floyd and Fraps (1939), Kifer and Munsell (1932), Todhunter 
(1936), Tripp, Satterfield, and Holmes (1937), and Wachholder 
and Nehring (1939); fertilizer by Hahn and Gérbing (1933), Ijdo 
(1936), Isgur and Fellers (1937), Potter and Overholzer (1933), 
and Wachholder and Nehring (1939); soil by Suguira (1938) and 
Tressler, Mack, and King (1936); conditions of ripening by House, 
Nelson, and Haber (1929) and Oshima, Fukuzaki, and Yamamoto 
(1937); maturity by Bessey (1938), Oliver (1938), and Wasson 
(1931); processing by Tressler and Curran (1938); and sunlight 
by McIntosh (1938) and Mituda (1938). 

This study of Utah-grown tomatoes was begun in 1937 for the 
purpose of investigating the vitamin C value of tomatoes and some 
of the factors which might cause variation. 

The effect of variety is so well established that it was thought 
desirable to begin the study of investigating variations within a well- 
known and popular variety, the Stone tomato. 

Some questions which arose in connection with the vitamin C 
nutrition of rural Utah school children directed attention to the 
possibility of change in the vitamin C value of tomatoes during the 
season, also to the possibility that small tomatoes constitute a more 
potent source of the vitamin than do large ones. Consequently these 
factors became the objective of the investigation the first two years. 








* Contribution of the Department of Nutrition. 
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Later the effect of holding tomatoes after picking, either at room 
temperature or at cold-storage temperature, became a study objective. 


NATURE AND SOURCE OF SAMPLES 

The tomato season in the neighborhood of the college campus 
(Logan, Utah) is relatively short. To lengthen the time over which 
vitamin C determinations could be made, tomatoes were brought 
during the first season from experimental plots at Farmington and 
Kaysville, about 70 miles to the south, where the season begins a 
month earlier than on a campus plot from which samples were later 
taken. Because of difficulties in transportation and the often unsat- 
isfactory condition of tomatoes brought from Farmington and Kays- 
ville, the samples used in the second season were taken from a plot 
on the campus a few rods distant from the one used the preceding 
season. In the third season the only plot available was on a North 
Logan experimental farm about three miles north of the campus. 

Soil type was the only factor recorded in connection with the 
culture of tomatoes used during the first two seasons. The Farm- 
ington soil is characterized as black loam, that at Kaysville as sandy 
loam, the first campus plot as gravelly loam, and the second plot as 
clay loam over gravel. More complete records for the third year 
show that the soil of the North Logan plot is a deep loam which, 
prior to the transplanting of seedlings, had been fertilized with 
barnyard manure in the proportion of 10 tons per acre. Further 
fertilization after the plants had become established, consisted of 
placing around each one a shovelful of manure to which had been 
added about a tablespoonful of phosphate fertilizer. 

Special effort was made to prolong this third season by planting 
seeds in the greenhouse early enough to permit transplanting on 
May 15. Irrigation water was applied at two-week intervals during 
the growing season. 

EXPERIMENTAL PROCEDURE 

The procedure of Bessey and King (1933) as modified for toma- 
toes by Daniel, Kennedy, and Munsell (1936) was used in making 
ascorbie acid determinations. Repeated comparison of values ob- 
tained from one half of a sample treated in this manner with values 
obtained from the other half, which had been ground with sand, gave 
convincing evidence that there was no appreciable difference in val- 
ues obtained by the two procedures. 

At first the dye was made up in the laboratory by the method 
of Bessey and King (1933); later Hoffman-LaRoche tablets were 
used; in the 1939 determinations Eastman dye was used exclusively. 
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In all cases, dye was standardized daily against ascorbic acid 
(Cebione, Merck & Co.). This in turn was standardized against 
iodine which had been standardized with arsenious trioxide. One 
Hoffman-LaRoche tablet from each tube was standardized in the 
manner described. A faint pink color lasting one minute was at 
first established as the end point; in the second and third seasons 
this time was shortened to 10 seconds since this latter period had 
been found satisfactory in other ascorbic acid determinations. No 
less than 12 titrations were made on each sample of six tomatoes 
and three samples were used at each determination, making a total 
of 36 titrations. 

The total titration value of samples used in this study is reported 
as ascorbic acid, notwithstanding the fact that 2-6-dichlorophenolindo- 
phenol is reduced by certain substances other than ascorbic acid. 
According to Evelyn, Malloy, and Rosen (1938) it has been shown 
that the reaction of ascorbic acid is almost instantaneous (five 
seconds) while that of all other interfering substances proceeds at 
a slower rate. Birch, Harris, and Ray (1933) claim that after exam- 
ining a large number of reducing agents, they have found cysteine 
to be the only one that will appreciably reduce the indicator in an 
acid medium. Millikan (1935) reports the rate of reduction of the 


dye by cysteine as about 350 times as slow as by ascorbie acid when 
measured under the same conditions. In this study all titrations 


, 


were made on acidified samples in less than two minutes’ time, 
hence it is considered justifiable to report the total titration value 
as ascorbic acid. 

TOTAL VITAMIN C VALUES 


> 


Total average * ascorbic acid value of Stone tomatoes from these 
various sources shows no marked variation in the first two years; the 
total content, which is also a seasonal average, is shown (Table 1) for 
each place from which samples were drawn. The averages for Farm- 
ington, Kaysville, the 1938 campus tomatoes, and the one Vernal 
sample are close together; while the average for the 1937 campus 
tomatoes is noticeably higher and the North Logan average is lower 
than for samples from the other sources. The series of determina- 
tions made on Stone tomatoes from the greenhouse shows a low 
average, about one-half that of tomatoes grown on a plot adjacent to 
the greenhouse (1938 campus). Almost as great differences as these 
may be noted in reported averages for Stone tomatoes by Maclinn 
and Fellers (1938). Their tomatoes were grown on the same plots 
with the same cultural treatment in three successive seasons. Their 


*The terms ‘‘mean’’ and ‘‘average’’ used in this paper should be inter- 
preted as ‘‘arithmetiec mean.’’ 
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average for 1936 was 29 mgm. per 100 grams, 25 mgm. for 1937, 
and 30 mgm. for 1938. The value for 1937 appears from their tables 
not to be an average for several strains, however, as are the values 
for the other two seasons. 

Disregarding all considerations other than total vitamin C con- 
tent, the average value of 26.2 mgm. per 100 grams, for all deter- 
minations except the greenhouse series and the one Vernal sample, 
definitely places the Stone tomato as a good source of vitamin C 
(ascorbic acid). Weight for weight it is about one-half as good as 


TABLE 1 
Average Vitamin C (Ascorbic Acid) Values of Stone Tomatoes From 
Different Sources, Over Three Seasons 








| Mean 
Season | vitamin C value 
= 
| 


Sources of samples 


mgm. per 100 gm. 








EE a eC one nena a eee eT 1937 25.6 + .44 
ie ai ceca nalbinlippbeitiialn | 1937 | 25.2 + .69 
sii icc iialalaalisinislanenisities 1937 | 33.7 + .69 
Average, 3 sources.. on 1937 | 27.9 + .43 
Nise ditinsescpasiicncercuiokiivcssentrinssiieeciernmninciocs 1938 | 26.8 + .99 
NNN shores cocicccseausosstyesscosercetesevtoeoepeniatiess 1938 | 18.5 34 
I Fe ois scaccidnsacadesvsncecersesstonnrinnacsocteon 1938 | 25.2 

eee eee ae 1939 | 19.8+.38 
II cedar asec scrit lees asad Suva cinudiniccens | 1937-1939 | 26.2 + .39 








1 Values for greenhouse tomatoes and for the one Vernal sample not included. 


locally purchased navel oranges, which have been found in this lab- 
oratory to range from 50 to 60 mgm. per 100 grams. 


VARIATION IN VITAMIN C CONTENT DURING SEASON 

For comparing average ascorbic acid values of tomatoes from 
different sources at the same time in each of the three years of study, 
data are presented (Table 2) on the basis of the 1937 season, which 
began August 16 with the first picking from Farmington and Kays- 
ville and ended on October 25 with the last picking from the campus 
plot. Averages of weekly determinations in the other two seasons are 
fitted into this scheme, so that dates or periods of season in which 
titrations were made, coincide for the different years. For example, 
the first week in which titrations of campus tomatoes were made in 
1937 coincides with the fifth week in which Farmington and Kays- 
ville samples were titrated, and the date of the first week of the 1939 
season coincides with the date of the third week in the 1937 season. 
A small and somewhat irregular increase in weekly averages may 

be observed during the season (Table 2); the next to the last column 
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shows the percentage increase based on these two values. It will be 
seen, however, that the highest average values do not always occur 
in the last week but, as in the series from Kaysville, from the 1937 
campus plot, and from the North Logan plot, come a week or two 
earlier. This is true also of the averages for the pooled values from 
all sourees, as seen in the last line (Table 2); this line shows also a 
more regular increase than is found from any one source and a per- 
centage increase of 28.2 between the first and last total averages. 

A partial explanation of this increase in vitamin C value during 
the season may lie in the degree of ripeness of samples at the time 
they were titrated. While ‘‘ripeness’’ in this study is interpreted 
to mean uniform, characteristic red color and firm texture, it must 
be recognized that there are different degrees of firmness; and great 
difficulty was experienced particularly in the early and the late parts 
of the season in obtaining the required number of tomatoes which 
were uniformly red and uniformly firm. There is some disagree- 
ment in the literature as to whether vitamin C content is influenced 
by the degree of ripeness. It was observed repeatedly in this study 
that as the firmness of vine-ripened tomatoes decreased the titration 
value increased. An outstanding example of this is seen (Table 2) 
where the tomatoes received from Farmington in the third week 
were overripe to the point of softness and gave a titration value of 
34 mgm. per 100 grams for the 36 titrations made. This average 
was considerably above the values for Farmington tomatoes both 
in the preceding and in the following weeks. Krauss, Washburn, 
and Hoffman (1937) found a rapid increase in the vitamin C con- 
tent during the final softening of ripe tomato fruits, but Maclinn 
and Fellers (1938) concluded that degree of ripeness does not influ- 
ence vitamin C content. 


Whether owing in part to degree of ripeness or wholly to factors 


that are seasonal in nature, titration values were definitely higher 


in the later weeks of the season for tomatoes from sources other than 


the campus plot used in 1938. 


RELATION OF ASCORBIC ACID VALUE TO SIZE OF TOMATOES 


’ 


Lack of uniformity in interpretation of the terms ‘‘large’’ and 
‘*small’’ has doubtless contributed to diversity in findings concern- 
ing the relationship between vitamin © content and size of fruits. 
McHenry and Graham (1935), using ‘‘very small’’ tomatoes, found 
them richer sources of the vitamin than were large ones. Maclinn 


‘ 


and Fellers (1938) compared ‘‘the largest and the smallest tomato 
fruit’’ of each variety and strain and found that in about 53 per 
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cent of the cases the large tomato fruits had the higher ascorbic 
acid content. 

In this investigation it was decided to limit the meaning of 
‘‘large’’ and ‘‘small’’ by recording the weights of large and small 
fruits used in determinations of the first two seasons; the average 
weights of large and of small tomatoes from the various sources, 
the ratio of large tomatoes to small (on the basis of weight), the 
mean differences between vitamin C values of the two series at the 
weekly determinations, and the standard difference of means are 
shown (Table 3). Only two of these latter ratios, those for tomatoes 
from Kaysville, and from the 1938 campus plot (Column 6, Table 3) 


TABLE 3 
Comparison of Vitamin C Content of Tomatoes on Basis of Size 





























Mean weights of | . Differences 
tomatoes | Ratio of vitamin C content 
Sources of samples — large to —— 
small Mean | Standard 
Large Small } weight | difference? | difference* 
ee a | : ‘ e _| reeset 
| m mn eon og of means 
gm. gm. | 100 gm. vlcen 
Re sscisvosenconsemascntruecnien | 260.4 99.6 26 | 3.7 1.6 
I icinccnvenstovvescacdbansseesucunens 289.0 104.8 2.7 | 87 3.1 
Campus 1937 212.3 94.7 2.2 en 
Campus 1938 284.8 104.6 2.7 78 | 3.6 
1> differences > M.s—M *Not calculated, difference between 
. —N : ( (o,)* (o,)? means too small. 
| ay eae S: 
V\n ™ 


are significant. Since the ratios on the basis of size for these two 
series (Column 4, Table 3) are slightly larger than for other series, 
the possibility is suggested that between very large and very small 
tomato fruits may exist an inverse ratio in ascorbic acid content. 


EFFECT OF TIME AFTER PICKING AND OF HOLDING TEMPERATURE 
ON VITAMIN C CONTENT OF TOMATOES 
Some exploratory investigations begun in 1938 indicated a prob- 
able loss in vitamin C proportional to the length of time between 
harvesting of fruits and determination of vitamin C content. Stor- 
age in a refrigerator at. 6.7°C.(44°F.) appeared to decrease this loss. 
For this reason the work of the 1939 season was planned mainly 
for the purpose of studying these factors. The same procedure was 
followed throughout the season. Each Monday morning the entire 
output of the plot was gone over, and all tomatoes of similar size 
and degree of ripeness were selected. Three samples of six were 
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titrated immediately; the remainder was equally divided, one half 
being stored in the refrigerator at 44°F. and the other half on shelves 
in the laboratory with temperatures ranging from about 24 to 31°C. 
(75 to 88° F.). Each day thereafter, except Saturdays and Sundays, 
ascorbic acid determinations were made on samples from both lots. 
Titration values over a nine-week season of samples held from one to 
18 days both in the laboratory and in the refrigerator are shown 
(Table 4). The last two columns show averages for the weekly deter- 
minations, while the last line shows averages over the various storage 
periods as indicated in the left-hand column. It will be noted that 
the first and second lots which were picked on August 29 and Sep- 
tember 5, respectively, supplied only enough tomatoes for one week’s 
determinations. Beginning with the third lot on September 11, and 
continuing through the four succeeding weeks, enough tomatoes were 
available to furnish samples for daily titration up to and ineluding 
18 days. There was some fluctuation from day to day, owing prob- 
ably to differences in samples and to determination errors which, 
according to Maclinn and Fellers, may add up to + 10 per cent ; how- 
ever inspection of the columns (Table 4) reveals no definite decrease 
as the period of storage advances. Neither is there apparent any 
advantage, so far as preservation of vitamin C content is concerned, 
in holding tomatoes at cold-storage temperature. 


EFFECT ON VITAMIN C CONTENT OF SUPPORTING 
TOMATO VINES ON POLES 

In the 1939 season one half the plants in the experimental plot 
were supported on poles. This was done with the thought that vines 
so supported would develop more evenly ripened fruits, because they 
would be less shaded and none would rest on the ground. Except for 
the absence of the characteristic uneven ripening owing to this lat- 
ter condition there was no apparent difference in fruits picked from 
the supported and the unsupported vines. When samples picked 
from the two sets of vines at the same time were titrated, however, 
it was found that in all cases except two the tomatoes from supported 
vines showed the higher ascorbie acid content. The mean difference 
between vitamin C values resulting from the two series of titrations 
was 5.1, while the standard difference of the means was found to be 
3.5. Mituda (1938) reports finding the amount of vitamin C in cer- 
tain fruits and vegetables proportional to the amount of sunlight 
received during ripening. Since the pole-supported vines were sub- 
jected to some trimming at the time the poles were set, resulting in 
greater sun exposure for the fruits, it is possible that this factor 
may have been operative in producing the significantly greater 
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vitamin C content of fruits from the pole-supported vines. Lack of 
sunlight may have been a factor also in the low average ascorbic 
acid value of greenhouse tomatoes, since the period in which they 
were ripening corresponded to the period when shades or other 
devices are used to exclude hot summer sunshine from the green- 
house. 
SUMMARY 

Study of Stone tomatoes from five different experimental plots 
over three seasons, shows them to be a good source of vitamin C. An 
average value of 26.2 + .39 mgm. per 100 grams was found for toma- 
toes from five different sources which were titrated immediately after 
being received at the laboratory. 

Some evidence was found which indicated an increase in vitamin 
C eontent with advance of the season. There was some evidence also 
to support a theory of an inverse relationship between vitamin C 
content and size of fruit. In neither case was the evidence conclusive. 


There was no indication of vitamin C loss when tomatoes were 
held as long as 18 days, either at laboratory temperature or in the 
refrigerator at 6.7°C.(44°F.). 


Tomatoes from vines supported on poles showed a mean vitamin 


C value that was significantly greater than that for tomatoes picked 
at the same time from adjacent vines which were not supported. 
Stone tomatoes grown in the greenhouse showed a mean vitamin C 
value approximately one-half as great as that of the same variety 
grown in an out-door plot near the greenhouse. 


REFERENCES 

BessgEy, O. A., AND KiNG, C. G., 1933. The distribution of vitamin C in plant 

and animal tissues and its determination. J. Biol. Chem. 103, 687-698. 
, 1938. Vitamin C—methods of assay and dietary sources. J. Am. Med. 
Assoc. 111, 1290-1298. 

Biron, T. W., Harris, L. J., AnD Ray, S. N., 1933. A micro-chemical method 
for determining the hexuronic acid (Vitamin C) of foodstuffs, ete. 
Biochem. J. 27, 590. 

DANIEL, E. P., KENNEDY, M. H., AND MUNSELL, H. E., 1936. Relative vitamin 
C content of orange and tomato juices determined chemically and biolog- 
ically. J. Home Econ. 28, 470-474. 

Evelyn, K. A., MALLoy, H. T., AND Rosen, C., 1938. Determination of ascorbic 
acid in urine with the photoelectric colorimeter. J. Biol. Chem. 126, 
644-654. 

FLoyp, W. W., AND Fraps, G. S., 1939. Vitamin C content of some Texas fruits 
and vegetables. Food Research 4, 87-91. 

Hovussg, M. C., NeELson, P. M., AND Haber, E. L., 1929. The vitamin A, B, and C 
content of artificially versus naturally ripened tomatoes. J. Biol. Chem. 
81, 495-504. 





VITAMIN C CONTENT OF TOMATOES v0 


Igpo, J. B. H., 1936. The influence of fertilizers on the carotene and vitamin 
content of plants. Biochem. J. 30, 2307-2312. 

Iscur, B., AND FELLERS, C. R., 1937. A preliminary study of the relationship be- 
tween vitamin C content and increased growth resulting from fertilizer 
applications. J. Am. Soe. Agron. 29, 890-893. 

Kirer, H. B., AND MUNSELL, H. E., 1932. Vitamin content of three varieties of 
spinach. J. Agr. Res. 44, 767-771. 

Krauss, W. E., WASHBURN, R. A., AND HorrMAn, I. C., 1937. The effect of some 
varietal, cultural, harvesting and storage conditions upon the content of 
of certain mineral salts and vitamins in tomato fruits. Ohio Agr. Exp. 
Sta. Bul. 579. 

McHEnry, E. W., AND GRAHAM, M., 1935. Observations on the estimation of 
ascorbig acid by titration. Biochem. J. 29, 2013. 

McIntTosH, J., 1938. Some factors affecting the vitamin C content of tomatoes 
and rutabagas. Maine Agr. Exp. Sta. Bul. 391. 

Mack, G. L., AND TRESSLER, D. K., 1936. Vitamin C content of vegetables. IT. 
Peas. Food Research 1, 231-235. 

MACLINN, W. A., AND Feuuers, C. R., 1938. Ascorbie acid (vitamin C) in toma- 
toes and tomato products. Mass. Agr. Exp. Sta. Bul. 345. 

MILLIKAN, G. A., 1935. The identity of ascorbic acid and the reducing agent of 
rat’s gut. Biochem. J. 29, 2817-2819. 

MirupA, H., 1938. Vitamin C content in fruits. J. Agr. Chem. Soc. Japan 14, 
1335-1340. (Abst. 4737, Nutr. Abst. and Rev. 8, 973. 1939.) 

OLIVER, M., 1938. The ascorbic acid content of fruits and vegetables. Analyst 63, 
2-18. (Abst. 485, Nutr. Abst. and Rev. 8, 92. 1938.) 

OsHIMA, Y., FUKUZAKI, T., AND YAMAMOTO, R., 1937. Vitamin C content of some 
fruits and vegetables in Formosa. Soc. Trop. Agr. J. 9, 156-161. (Abst. 
486, Nutr. Abst. and Rev. 8, 93. 1938.) 

Porter, M. T., AND OVERHOLZER, E. L., 1933. The vitamin content of the Winesap 
apple as influenced by fertilizers. J. Agr. Res. 46, 367-373. 

Suecuira, M., 1938. Ascorbic acid content of Manchurian paprika. J. Orient. 
Med. 28, 175. (Abstracted in Am, J. Dis. Children 57, 177. 1939.) 

TODHUNTER, E. N., 1936. Some factors influencing ascorbie acid (vitamin C) 
content of apples. Food Research 1, 435-442. 

TRESSLER, D. K., AND CURRAN, KATHERINE M., 1938. The cause of loss of vitamin 
C from bottled tomato juice. J. Home Econ. 30, 487-488. 

———., Mack, G. L., anp Kino, C. G., 1936. Vitamin C content of vegetables. 
I. Spinach. Food Research 1, 3-7. 

Tripp, F., SATTERFIELD, G. H., AND Houmes, A. D., 1937. Varietal differences 
in the vitamin-C content of tomatoes. J. Home Econ. 29, 258. 

von HAHN, K., AND GOrBING, J., 1933. Influence of fertilizers on the vitamin C 
content of spinach. Ztschr. f. Untersuch. d. Lebensm. 65, 601-616. 
(Quoted by Tressler, Mack, and King in Food Research 1, 3-7. 1936.) 

WACHHOLDER, K., AND NEHRING, K., 1939. Vitamin-C content of different vari- 
eties of potatoes and dependence on fertilization. Chem. Abst. 2237, 33. 

Wasson, G. E., 1931. The vitamin C content of fresh and canned spinach, Swiss 
chard, asparagus and carrots. S. Dak. Agr. Exp. Sta. Bul. 261, 1-29. 














DETERMINATION OF CAROTENE IN FRESH AND FROZEN 
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In a previous report by the authors (1940) the method of Russell, 
Taylor, and, Chichester (1935), for the determination of carotene in 
plant tissue, was modified by the use of boiling acetone for extraction 
of total pigments, and the subsequent use of a solution of diacetone 
for removal of certain biologically inactive yellow pigments from 
yellow sweet-corn extracts which were not removed by use of 89 
per cent methyl! aleohol. 

Further work dealing with the carotene content of fresh and 
blanched (sealded) spinach and broccoli indicated that, even though 
fresh samples of these materials were extracted by boiling in acetone, 
when the extracts were allowed to stand at —17.8°C.(0°F.) for a 
few days, the results obtained were always significantly lower in the 
fresh than in the blanched samples. This seems to indicate that the 
difference may be due to enzymic destruction of carotene in extracts 
of the unblanched samples since the boiling point of acetone is rather 
low for complete inactivation of most enzymes. 

It appeared advisable, therefore, to use a solvent such as diacetone 
which has a considerably higher boiling point than acetone. The use 
of this solvent permits heating the samples between 90 and 100°C. 
(194 and 212° F.), at which temperature the possibility of enzyme 
activity would be eliminated. Likewise, it was found that tritura- 
tion of the vegetable tissue in sand and the hot solvent permitted 
complete pigment extraction. By analyzing various samples of fresh 
spinach using this procedure, it was found that constant results could 
be obtained and that there were no significant losses of carotene in 
extracts which were allowed to stand for one week at 0°C.(32°F.). 

‘Approved by the director of the New York State Agricultural Experiment 
Station as Journal Paper No. 377, April 1, 1940. 

* Presented before the Division of Biological Chemistry at the 99th Meeting 
of the American Chemical Society on April 10, 1940. 
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Further, the results obtained by using diacetone as the extracting 
solvent were essentially the same as those obtained upon immediate 
analysis of fresh material by the modified Russell, Taylor, and 
Chichester (1935) method, by both hot and cold extraction pro- 
cedures. 

Hegsted, Porter, and Peterson (1939), in an improved method 
for the determination of carotene in silage, have employed the use 
of a diacetone solution consisting of 100 parts of diacetone to six 
parts of water for removal of certain biologically inactive yellow 
pigments from corn-silage extracts, which were not removed by use 
of either 85 per cent ethyl or 90 per cent methyl alcohol. They also 
indicated that although there are occasional losses of carotene in 
the hypophasic solution of diacetone, this is of no particular disad- 
vantage but actually decreases the error of the determination since 
an approximately equivalent amount of non-carotene pigments may 
remain in the carotene fraction. 

By extraction of a petroleum ether solution of beta carotene, using 
diacetone solution, it was found that an inappreciable amount of caro- 
tene was carried into the hypophasie layer. It was also found that 
the diacetone solution readily extracted chlorophyll and xanthophyll 
from their solution in petroleum ether. Thus, since diacetone could 
effectively be used as the extracting solvent, it would be possible to 
adjust the solution of the extracted pigments so that the ratio of 
diacetone to water would be of the order as 100:6. The amount of 
water present may vary from six to 15 ¢.c. per 100 ¢.c. of diacetone, 
but the presence of considerable excess water should be avoided as 
it will cause the formation of troublesome emulsions during petro- 
leum ether extraction. Because of a differential solubility, extraction 
of carotene could be made from the diacetone-water-pigment solution 
by use of petroleum ether, and at the same time leave a large portion 
of chlorophylls, xanthophylls, and other non-carotene pigments in the 
hypophasiec layer. Further, by repeated extraction of the petroleum 
ether-carotene solution, using small portions of diacetone solution, 
nearly all the contaminating pigments could be removed. Of con- 
siderable advantage was the fact that no emulsion, which did not 
quickly separate, was formed during the extraction procedure. The 
formation of relatively stable emulsions has been of particular an- 
noyance in other methods. 

This method for determining carotene thus dispenses with initial 
hot or cold saponification of chlorophylls which results in the for- 
mation of many soluble yellow pigments and the use of alcoholic 
solutions for extraction of xanthophylls. 
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The improved procedure as now recommended for the determina- 
tion of carotene in fresh or frozen vegetables is presented as follows: 

1. Thoroughly triturate a two- to 10-gram sample of fresh tissue 
with sand in 100 e.c. hot—90-100°C. (194-212°F.)—diacetone. Trans- 
fer to a suitable flask and heat at 100°C. for approximately five 
minutes. 

2. Filter, using Biichner funnel with suction. Transfer the residue 
to the mortar and regrind in hot diacetone. Repeat this procedure 
two more times using a total of about 75 e¢.c. of diacetone for the 
three extractions. Wash the residue on the filter paper with 25 to 
50 ¢.e. of hot diacetone. 

3. Regrind the residue in two 50-c.c. portions of petroleum ether, 
filtering each time. Wash the residue on the filter paper with 25 to 
50 ¢.e. of petroleum ether. 

4. Cool and transfer the combined filtrates to a separatory funnel. 
Rinse the suction flask with a small portion of diacetone and, if nee- 
essary, add sufficient water, taking into consideration the approximate 
moisture content of the sample so that for each 100 ¢.c. diacetone there 
is at least six to 12 ¢.c. of water present. Shake for approximately one 
minute. 

5. After separation occurs, draw off and re-extract the lower layer 
two or three times by shaking with 25- to 50-c.c. portions of petroleum 
ether. Following the last extraction, reserve the lower layer and add 
a small portion of water, without shaking, in order to cause separa- 
tion of the last traces of petroleum ether from the diacetone solution. 

6. Extract chlorophylls and xanthophylls from the combined pe- 
troleum ether solutions by shaking with 25-c.c. portions of diacetone 
solution until the lower layer is practically colorless. The diacetone 
solution is made by adding 60 c.c. of distilled water to one liter of 
diacetone. 

7. Wash the petroleum ether solution by shaking with two or 
three 50-c.c. portions of distilled water. 

8. Shake the petroleum ether solution for two or three minutes 
with one 25-e.c. portion of 25 per cent KOH in methyl aleohol. With- 
draw and discard the lower layer. 

9. Wash the petroleum ether solution, using small portions of 
distilled water, until free of KOH. 

10. Dry the petroleum ether solution by adding anhydrous sodium 
sulfate and adjust to suitable volume for colorimetric reading. 

Reinvestigating the effect of commercial processing for freezing 
and storage upon the carotene content of spinach and broccoli, by 
using the improved procedure, it was found that the apparent in- 
crease in carotene content of the blanched samples, as compared with 
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the fresh samples, was caused to a large extent by the decreased 
moisture content. This was more noticeable in the case of spinach 
primarily because this vegetable is passed between rollers after 
blanching in order to expel excess water. This is not true in the case 
of broccoli. Enzyme destruction of carotene in the samples taken 
before blanching therefore probably played a minor réle in account- 
ing for the lower carotene values obtained in the fresh samples. The 
carotene content of the spinach on the fresh basis, before and after 
blanching, was found to be 46 and 60 micrograms per gram, respec- 
tively, while on the moisture-free basis the results were 571 and 563 


TABLE 1 
Carotene Content of Asparagus and Lima Beans at Various Stages in 
Process of Preparation and Freezing 





Total Carotene in 
a ; 

Vegetable sample | solids rroTy 
| (fresh basis) 





Asparagus | pet. | 
Freshly harvested 7.08 7.0 
Before blanching 6.59 7.0 
After blanching 7.01 
Before freezing 6.65 
After freezing | 6.80 


Lima Beans 
Freshly harvested | 32.18 
Before blanching | 39.19 
After blanching 28.00 
Before freezing 28.15 
After freezing | 30.82 2.3 


micrograms per gram, respectively. The carotene content of the broc- 
coli on the fresh basis, before and after blanching, was found to be 
9.5 and 8.7 micrograms per gram, while on the moisture-free basis 
the results indicated 89 and 86 micrograms per gram for the respec- 
tive samples. 


CAROTENE CONTENT OF MARY AND MARTHA WASHINGTON 
ASPARAGUS AND HENDERSON’S BUSH LIMA BEANS 

Samples of Mary and Martha Washington asparagus and Hender- 
son’s Bush lima beans were obtained for carotene analysis during the 
commercial processing for freezing and storage at Seabrook Farms, 
Bridgeton, N. J., during May and August, 1939. The results of these 
analyses indicate that there are no significant differences in the caro- 
tene content of these vegetables at various stages during the com- 
mercial processing for freezing and storage (Table 1). 
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Representative samples of these two vegetables were placed in 
storage at —17.8 and —40°C. (0 and —40°F.) for approximately 
five to seven months, at which time they were again analyzed for 
carotene. 

On the basis of these analyses, bioassays were conducted to de- 
termine the quantitative relationship between the biologically and 
chemically determined carotene values. 

The biological assays for the determination of carotene were con- 
dueted as presented in the U. 8. Pharmacopoeia XI procedure for 
vitamin A assay of liver oils, except that in place of using the desig- 
nated formula for conversion of growth response into units of 
vitamin A, we have employed a beta carotene curve of reference for 
converting growth response into International units of beta carotene. 
After determining the carotene content of the stored samples, an 
amount caleulated to be equivalent to two International units of 
beta carotene (1.2 micrograms) per day, was fed twice weekly to 
each of a group of eight or nine vitamin A-depleted albino rats 
during a curative period of four weeks. The amount of material 
needed for each animal for the curative period was weighed into 
flasks and stored at —23.3 to —17.8°C. (—10 to O°F.) for subse- 
quent feeding. The supplements were fed in glass caster cups from 
which they were readily consumed by the experimental animals. For 
ascertaining the carotene content of the vegetables by bioassay, a 
total of 66 animals was used for establishing a curve of reference. 
The curve of reference was obtained by feeding graded doses of 
the International unit of pure beta carotene, namely, .3, .6, 1.2, and 
1.8 micrograms per rat per day for 28 days. 

The vegetable supplements were fed at a calculated level of two 
International units since the growth response at this level would 
probably fall at the most significant part of the curve of reference. 


DISCUSSION 

The method used by Hegsted, Porter, and Peterson (1939) for 
determination of carotene in silage, has been modified to inelude the 
use of diacetone for extraction of total pigments from fresh and fro- 
zen vegetable tissues, the separation of carotene from the diacetone- 
water extract by use of petroleum ether, and subsequent purification 
of the petroleum ether-carotene solution by extraction with a solution 
of diacetone consisting of 100 parts by volume of diacetone to six 
parts of water. 

The improved method has been found to yield satisfactory re- 
sults, avoids the formation of troublesome emulsions, and decreases 
the length of time and amount of manipulation in carotene deter- 
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minations. We have found by using this procedure, in conjunction 
with a hand-operated, eight-unit battery of separatory funnels, that 
it is easily possible to complete eight carotene determinations in a 
day. 

Samples of asparagus, green lima beans, spinach, and _ broccoli 
have been analyzed for carotene at various stages during the com- 
mercial processing for freezing and storage, the results obtained 
indicating the carotene content is not affected by such processing. 
That scalding or freezing does not effect any noticeable destruction 
of carotene contained in various vegetables has been previously 
pointed out by the authors (1940), as well as by Fitzgerald and 
Fellers (1938), Richardson, Mayfield, and Davis (1937), DeFelice 
and Fellers (1938), and Stimson, Tressler, and Maynard (1939). 

After samples of asparagus and green lima beans were placed 
in storage at 0 and —40°F. from five to seven months, the carotene 
content was redetermined and on the basis of these analyses bio- 
assays were conducted. The results obtained (Table 2) indicate that 
the carotene content of green lima beans as obtained by chemical 
analysis, agrees almost identically with the values obtained by bio- 
assay, the latter values being calculated from a curve of reference. 
The values obtained for asparagus by the bioassay indicated about 60 
per cent of the value obtained by chemical analysis. This difference 
may possibly be due to one of the following: (1) experimental error 
of the bioassay, (2) the presence of non-carotene pigments deter- 
mined as carotene, or (3) destruction taking place during the dura- 
tion of the curative period. 

Following completion of the foregoing work the opportunity was 
presented to conduct adsorption and spectrophotometric experiments 
for identification and determination of the provitamin A pigments 
contained in asparagus and green lima beans, as well as in certain 
other vegetables which had been under study previous to the present 
work. 

The photoelectric absorption spectrophotometer used for this work 
employs a Hilger double monochromator with quartz optics. The 
general principles and use of this instrument are similar to those 
deseribed by Hogness, Zscheile, and Sidwell (1937) for a photoelee- 
trie spectrophotometer which employs a single monochromator. 

Standard absorption curves for pure beta and alpha carotenes, 
previously obtained by J. W. White, Jr. with this instrument, made 
possible the identification and quantitative determination of these 
pigments contained in vegetable tissues. 

Since ascertaining the degree of purity of the final petroleum 
ether solution of carotene, as obtained by use of the improved diace- 





64 ZIMMERMAN, TRESSLER, AND MAYNARD 


tone procedure for the determination of carotene in vegetables, was 
desired, the final petroleum ether solution of the pigments obtained 
from the various vegetables was subjected to chromatographic analy- 
sis using an adsorption column consisting of 50 per cent Micron 
Brand magnesium oxide and 50 per cent Super Cel. An adsorption 
column made from this mixture has been found to yield very satis- 
factory results in the separation of alpha and beta carotenes and 
the separation of these pigments from the xanthophylls or various 
decomposition products of these pigments. 

A short deseription of the method of preparation and use of the 
adsorption column follows: A glass tube approximately 25 em. in 
length and one em. in diameter and having a constriction near one 
end is filled with the adsorbant and suction applied. As the air is 
withdrawn the adsorbant shrinks to about 60 per cent of its original 
volume. The material is tightly packed by exerting a strong contin- 
uous pressure on a piston-rod which fits snugly into the column. Im- 
mediately before adding the pigment solution the column is washed 
for a few minutes with a current of nitrogen. Petroleum ether is 
used as the solvent for pigment adsorption and is purified by treat- 
ing the commercial grade (Skellysolve) with alkaline permanganate 
solution for about two days. It is then distilled and the fraction 
obtained between 30 and 40°C.(86 and 104°F.) is reserved for ad- 
sorption column use. The solvent must be kept dry for all adsorption 
work, anhydrous sodium sulfate being the usual drying agent. 

After the petroleum ether solution of carotenes was obtained, 
using the diacetone procedure, it was reduced in volume to about 
five ¢.c., or to a point where turbidity appeared, then added to the 
adsorption column, the latter being subjected to continuous suction. 
The column was developed by washing continuously with dry petro- 
leum ether, until the pigment bands became separated and located 
well below the top of the column. In a mixture of pigments contain- 
ing alpha and beta carotenes and xanthophylls or decomposition 
products of these pigments, the latter two groups of compounds will 
be found to be rather strongly adsorbed near the surface of the 
column, while the alpha and beta carotenes may be washed com- 
pletely through the column if it is so desired. 

By use of this adsorption technique in conjunction with the 
improved diacetone procedure for determining carotene it was found 
that in the case of six frozen and four fresh vegetables under study, 
there was no appreciable amount of pigment material found on the 
top of the adsorption column. This fact indicated that the method 
eliminated contaminating pigments, such as the xanthophylls and 
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chlorophylls, and that practically no decomposition products were 
formed during solvent separation of pigments. 


After the pigments had been adsorbed upon the column, the latter 
was dried by a current of nitrogen and the pigment band, or bands, 
removed for identification. The pigments were removed from the 
adsorbant by use of a solution consisting of 20 per cent ethyl ether 
and 80 per cent absolute ethyl aleohol. If more than one band was 
present, the material between the bands was discarded. Likewise 
before removing the material from the column in order to obtain 
the pigment, or pigments, a considerable portion of the upper part 
of the column was discarded. 

The solvent used for releasing the pigment from the adsorbant 
was the same as that used for establishing the standard absorption 
curves of pure alpha and beta carotene so that no change of solvent 
was necessary at this stage. 

Using this adsorption technique the identity of the pigments 
obtained from green beans, spinach, broccoli, sweet corn, asparagus, 
and green lima beans, by using the improved diacetone procedure, 
was determined by comparing the characteristic absorption maxima 
and minima of the unknown pigments with those of pure beta and 
alpha carotene. 

In the ease of frozen green snap beans and green lima beans, 
two pigment bands were obtained by use of the adsorption column. 
These two pigments proved to be alpha and beta carotene, and a 
subsequent quantitative determination indicated that alpha carotene 
accounted for approximately one-third and beta carotene for two- 
thirds of the total pigments. In the ease of frozen spinach, broccoli, 
and asparagus only one pigment band was evident, the pigment 
proving to be beta carotene. In the ease of a sample of commercially 
frozen yellow sweet corn only one pigment band was discernible 
visually, and since this band was found near the top of the adsorp- 
tion column, it was naturally expected to be eryptoxanthin, since 
the xanthophylls are much more strongly adsorbed than either alpha, 
beta, or gamma carotene. Since this pigment gave the same absorp- 
tion maxima as beta carotene there can be no doubt that it is eryp- 
toxanthin. Although it is definitely known that beta carotene is 
also present in yellow corn, the work was not carried to a stage 
to determine the quantitative relationship between the two in frozen 
sweet corn. 

After having determined the identity of the pigments found in 
the various frozen vegetables, quantitative determinations of the pig- 
ments were made using the final petroleum ether extracts and omit- 
ting the adsorption column procedure. 
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For determining the concentration of alpha and beta carotene in 
the final petroleum ether solutions the following form of Beers’ law 
was employed: 

i, 
log = acl, where I, represents the amount of light transmit- 
I 


ted by the pure solvent, I represents the amount of light transmitted 
by the unknown solution, a represents the specific absorption coeffi- 
cient, ec the concentration of the pigment in the unknown expressed 
in grams per liter, and | the length of the absorption cell in centi- 
meters. 


In those vegetables where beta carotene was shown to be the 
only provitamin A pigment present, namely, asparagus, spinach, and 
broccoli, the absorption coefficient was determined at several differ- 
ent wave lengths. The values obtained at these different wave lengths 
were in good agreement. In the case of green lima and snap beans, 
where it has been shown that alpha and beta carotene are present in 
the final petroleum ether solution, it is first necessary to determine 
the total concentration of these two pigments by taking readings at 
the points of intersection of the absorption curves for pure alpha and 
beta carotene. Knowing the total concentration of these two pig- 
ments, and by determining the absorption coefficient at other wave 
lengths, it is possible to determine the proportion of alpha and beta 
carotene present in the same solution with a fair degree of accuracy. 

It will be observed (Table 1) that the carotene contents of aspara- 
gus and green lima beans, as determined by chemical analysis after 
six months’ storage at —17.8°C.(0°F.), are 6.4 and 2.3 micrograms, 
respectively, while the results of the bioassays indicated a carotene 
content of 4 and 2.3 micrograms, respectively. At the time carotene 
was determined in these samples by use of the absorption spectropho- 
tometer, the samples had been in storage approximately 11 months. 
The results of these analyses indicated a carotene content of four 
micrograms per gram for asparagus (the same as the bioassay at 
the end of six months), while the carotene content of the lima beans 
was one microgram per gram. This latter value seems to indicate a 
loss of carotene from green lima beans during an 11-month storage 
period at 0°F. 

SUMMARY 


An improved method for the determination of carotene in fresh 
and frozen vegetables is presented which is based in part upon the 
use of diacetone for extraction of total pigments, and the use of a 
solution of diacetone for extraction of chlorophyll and xanthophyll 
from their solution in petroleum ether. 
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The commercial processing of asparagus, green lima beans, spin- 
ach, and broccoli for freezing and storage does not result in any 
appreciable loss of carotene. 

There is no significant change in the carotene content of Hen- 
derson’s Bush lima beans during five months’ storage at —17.8 or 
—40° C.(0 or —40° F.) as determined by bioassay and chemical 
analysis. 


The carotene content of asparagus stored at 0 and —40° F. for 
approximately seven months, as determined by bioassay, accounted 
for approximately 60 per cent of that indicated by chemical analysis. 


It is believed the improved method presented for the determina- 
tion of carotene in vegetable tissues possesses certain advantages over 
alcoholic saponification procedures. 

By using a specially prepared magnesium oxide adsorption col- 
umn in conjunction with absorption spectrophotometry, it has been 
shown that the diacetone procedure determines relatively pure forms 
of the provitamins A. 

By use of a photoelectric spectrophotometer the vitamin A activity 
of asparagus has been shown to be due to beta carotene, while the 
vitamin A activity of green lima beans has been shown to be due to 
the presence of approximately one-third alpha and two-thirds beta 
carotene. 
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A FACULTATIVELY ANAEROBIC MOLD OF UNUSUAL 
HEAT RESISTANCE 
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Research Laboratorics, National Canners Association, 
Washington, D. C. 


(Received for publication, May 16, 1940) 


During the 1938 blueberry season the attention of the Research 
Laboratory of the National Canners Association was called to the 
occurrence of small plaques of mold in No. 10 eans of blueberries. 
These occurred only on the surface and in enamel-lined cans. Mold 
could not be found below the surface layer, nor did it occur in 
plain cans. The vacuum of both plain and enamel-lined cans was in 
the range of 12 to 15 inches. 


Because of the protection against spoilage by spore-forming bac- 


9° 


teria afforded by the high acidity of blueberries (pH 3.4 to 3.7) it 


is only necessary to heat this product sufficiently to destroy yeasts, 
molds, and non-sporing, acid-tolerant bacteria. In the factory in 
which this occurrence was noted the blueberries were filled into the 
cans at a temperature approaching 93.3°C.(200°F.); the cans were 
sealed, inverted, and air cooled. This procedure results in a good 
vacuum in the can after cooling and is adequate to destroy organisms 
of low heat resistance. The presence of growth indicated therefore a 
mold of more than usual resistance to heat. 

In plain cans the small amount of oxygen remaining in the can 
after sealing is quickly taken up through oxidation of the exposed 
metal surface. In enamel-lined cans oxidation is delayed by the 
protective coating on the metal. The small amount of growth oceur- 
ring only ‘in enamel-lined cans suggested, therefore, that the mold 
was a facultatively anaerobie type which through its metabolic activ- 
itv soon reduced the oxygen level to a limiting concentration. 

Because of the apparent resistance to heat and capability of 
growth in low oxygen concentration it was felt that the organism 
was of sufficient importance and interest to justify investigation. 

Isolations were readily made on plates of Difeo Wort agar and 
on blueberry juice agar. Two strains were isolated, one of which 
produced ascospores, the other sclerotia. These were submitted to 
Dr. Charles Thom, of the United States Department of Agriculture, 
and we are informed by him that they appear to be strains of a 
single undeseribed species of Penicillium. 
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HEAT RESISTANCE 

Suspensions for the determination of heat resistance were pre- 
pared by growing the fungus on Kolle flasks of Difco Wort agar at 
room temperature for one month. The growth was taken up in 
sterile tap water and shaken with glass beads for about 20 minutes 
in order to produce a homogeneous suspension. This water suspen- 
sion was mixed with an equal quantity of juice drained from canned 
blueberries and distributed in two-ml. amounts among thermal death- 
time tubes. These were sealed and heated at the temperatures noted 
in a water bath equipped with a stirrer. At suitable intervals two 
tubes were removed and chilled promptly in ice water. One tube was 
subeultured in Wort agar for guantitative counting, the other ineu- 
bated directly. Growth results from the two tubes were without 


TABLE 1 


Heat Resistance of Ascospores and Sclerotia 





74°C. 78°C. 81°C. | 85°C. 90.5°C. 93.3°C. 100°C 
| (165°F.) | (171°F.) | (177.8°F.)| (185°F.) | (195°F.) | (200°F.) | (212°F.) 
Temperature Hn ce | POSEN, SRS Nisei 


—/+ —/+ —)}+ —|+ -—|+ — 








Ascospores, | 
160,000 
per mi.......... 1210’ 240’! 65’ 70’ | 10’ 15’ 
Sclerotia, 
86,000 
270’ 300’, 30’ 40° 9’ 10°.0 LV 





1The + sign means growth and the — sign means no growth when heated for the 
number of minutes shown at the temperature indicated. 


exception in agreement. The results are given in the following tab- 
ulation (Table 1) and are shown graphically for the temperatures 
used (Fig. 1). 

The ascospores were not found to exhibit unusual resistance to 
heat. The extrapolated E value (time to destroy at 180°F.) was 
9.7 minutes. The sclerotia, on the other hand, showed a marked heat 
resistance. For these an extrapolated E value of 1,000 minutes was 
obtained. Despite this great difference in resistance, the z value 
(slope of the thermal death-time curve) of each strain is essentially 
the same (Fig. 1). 

Quantitative determinations of the rates of destruction at any one 
temperature showed that neither ascospores nor sclerotia followed the 
logarithmic rate frequently observed with bacterial spores and vege- 
tative cells. Destruction curves of ascospores (Curve 1) at 81°C. 
(177.8°F.), selerotia (Curve 4) at 90.5°C.(195°F.), and, for com- 
parison, typical destruction curves of bacterial spores (Curve 2) and 
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of vegetative cells (Curve 3) are included (Fig. 2). Curve 2 was 
drawn from unpublished data on putrefactive anaerobe No. 3679 
heated in phosphate solution at 115°C.(239°F.). Curve 3 was re- 
drawn from data of Baker and McClung (1939) on the destruction 
of Escherichia coli at 51.7°(125°F.). In order to facilitate compari- 
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Fie. 1. Thermal death-time curves. 
Sclerotia—Curve No. 1 z= 10.3 E = 1,000 
Ascospores—Curve No.2 z=10.6 E=9.7. 


son the log of the per cent of survivors at each interval has been 
plotted against time. The destruction curves for bacterial spores 
and for vegetative cells show the familiar straight-line relationship 
of a constant death rate, the different angles indicating different 
death rates. 

The sagging ascospore curve is indicative of a decreasing death 
rate. According to Rahn (1932, p. 290) a curve of this shape is 
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characteristic of a suspension containing both sensitive and resistant 


cells. Upon exposure to heat the sensitive cells are killed off early, 
after which the rate is largely that of the resistant cells. The bulg- 
ing sclerotia curve, indicative of an increasing death rate, is similar 
to the curves for higher organisms given by Rahn (p. 287). Aceord- 
ing to his interpretation, such a curve pictures the death rate of 
organisms when death is the result of the reaction of more than one 


molecule per cell. 
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. 2. Typical destruction rate curves for various organisms. 
1—Ascospores at 81°C.(177.8°F.) 
2—Putrefactive Anaerobe No. 3679 at 115°C.(239°F.) 
3—Escherichia coli at 51.7°C.(125°F.) 
4—Selerotia at 90.5°C.(195°F.). 


EFFECT OF VACUUM 

The limiting vacuum for growth was determined on Wort agar. 
Ten milliliters of medium were sterilized in each 8 x 1-inch tube. 
While still hot the cotton plug was pushed down and a one-hole 
rubber stopper, fitted with a piece of pyrex tubing with a long con- 
striction, was inserted. The tube was connected to a vacuum pump 
and the medium was solidified under a vacuum in ice water in order 
to prevent the solution of oxygen in the unsolidified medium. The 
tube was then inoculated, reconnected to the vacuum pump and to 
a manometer by a T, exhausted to the desired vacuum, and sealed 
by closing the constriction with a blast lamp. Softseal Takiwax was 
put around the stopper to minimize the loss of vacuum during ineu- 
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bation. After incubation the vacuum in the tube was measured by 
reconnecting the sealed tube to the pump and manometer, exhaust- 
ing the system to the original vacuum, closing the connection leading 
to the pump, breaking the capillary tip through the rubber tubing, 
and noting the manometer reading. 

It is obvious from the results given (Table 2) that each strain 
is capable of growth in a high vacuum. 


TABLE 2 


Effects of Vacuum on Growth of Ascospores and Sclerotia 





j : . oo 
Amount of growth | Heavy Light None 


Inoculum: in. in. in. 
Ee 27.5 28.5 29.0 
Sclerotia 25.0 26.0 28.5 

OCCURRENCE IN NATURE 
Samples of soil from five blueberry fields were cultured on Wort 

agar following heating of the soil suspension for 0, 5, 10, and 25 

minutes at 180°F. As might be expected a variety of fungi devel- 

oped on plates prepared from the suspensions heated for the lower 
times. From three of the samples heated for 25 minutes the typical 
mold was recovered. It seems clear, therefore, that the source of the 
organism is the soil, and it no doubt enters the factory on the raw 
product. 
SUMMARY 

An undescribed species of Penicillium capable of growth in a high 
vacuum was isolated from blueberries and from the soil of blueberry 
fields. One strain of this produces sclerotia of unusually high resist- 
ance to heat. 
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FERMENTATION IN MEAT PRODUCTS BY 
THE GENUS BACILLUS 


L. B. JENSEN anp W. R. HESS 
Swift § Company, Research Laboratories, Chicago, Illinois 


(Received for publication, May 17, 1940) 


It was shown some time ago by Jensen, Wood, and Jansen 
(1934) that the bacteria causing gaseous fermentation in sugar- 
nitrate-nitrite cured canned spiced ham and other comminuted 
canned cured meats were members of the genus Bacillus. These 
bacteria are listed in Bergey’s Manual (1939) as non-gas formers 
from carbohydrate substrates, although bacilli of Donker’s group 
in this genus do ferment sugars with gas production. We have 
never encountered Donker’s group in the packing house. The un- 
expected production of voluminous amounts of CO, gas by most 
species of the genus growing in sugar-cured meats at temperatures 
ranging from 23.9 to 48.9°C.(75 to 120°F.) presented a problem 
of great economic importance. 

This report deals with (1) occurrence of the bacilli in nature; 
(2) a specific medium to detect these bacteria; (3) fermentation 
reactions in standard sugar broths and in nitrate meat media; and 
(4) mechanism of CO, formation, according to Hess (1937). 


OCCURRENCE OF GAS-FORMING BACILLI IN NATURE 

The organisms of this genus are practically all listed in Bergey’s 
Manual (1939) as widely distributed in nature, especially in soil, 
dust, and decomposing organic materials. We have found great 
numbers of these bacilli in flour, corn meal, rice, starch, breakfast 
cereals, dried fruits, vegetables, tea leaves, wood shavings, pulp, 
paper, barley, alfalfa, soybeans, wheat, dried milk, and 20 different 
kinds of spices. The dust from the recent dust storms carried 
numerous spores of these bacilli. The species of the genus Bacillus 
isolated from all of these materials were, for the most part, capable 
of forming large quantities of CO, from the nitrate-sugar-meat me- 
dium. According to Jensen, et al. (1934), untreated spices like 
black pepper, coriander, red pepper, and sage harbor enormous 
numbers of spores of the genus. In collaboration with the American 
Spice Trade Association, methods were soon found to sterilize spices 
(commercially) without loss of pungeney and these spices are now 
available to everyone. When these bacteria are excluded entirely 
from canned nitrate-sugar-cured comminuted meats, the cans will 
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not show the characteristic CO, swells under incubation. The 125 
stains used in this work were avirulent and nontoxigenic when 
grown 72 hours in veal infusion broth, one cubic centimeter of 
whole-broth culture being injected intraperitoneally into white mice. 

There are certain species of bacilli which do not form gas in 
any media; for instance, we isolated a red chromogenic species of 
the genus from red, discolored Xarque (South American dried beef), 
which does not form gas under any conditions known to us. 

The organism is an aerobic spore former, short, gram-positive 
rod, nonpathogenic, forms a red pigment on all substrates, reduces 
nitrate, is salt tolerant, liquefies gelatin, grows well at 5°C.(41°F.), 
optimum temperature —6.7°C.(20°F.). This bacillus, which we dis- 
covered, is of great economic importance in South America and is 
there referred to as ‘‘red mould.’’ The heat resistance of these 
spores compares with thermal death times of spores of the charac- 
teristic species in this genus. 

At this point we might indicate that the ‘‘ Bacillus subtilis-Bacillus 
mycoides’’ group are of greater economic importance than many other 
groups of bacteria. The species of the genus also need to be reclassi- 
fied since the criteria now at hand do not serve to differentiate them. 
Most of us, after studying anthrax and the ‘‘hay bacillus’’ at school, 
have ignored the group except where these spore formers have ap- 
peared as the freshman’s bane. Perhaps the following items indicate 
some of the more important réles in food spoilage: (1) flat sours 
and swells in canned vegetables, Michael and Tanner (1936); (2) 
swelling in canned cured meats; (2) Bunyea’s (1921) work on sour 
rounds of beef; (4) our studies (1939) on spongy beef hams or 
dried beef; (5) ‘‘red mould’’ on Xarque; (6) gas causing bursts 
in bologna; (7) gassy cheese spreads; (8) phenomenon of black 
discoloration in beets, Cameron, Esty, and Williams (1936); (9) 
spoilage of pickles; (10) sweet curdling spoilage of pasteurized 
milk; (11) Hallman’s phenomenon (1940) of gaseous fermentation 
of chocolate bread. No doubt the list could be greatly extended. 


A SPECIFIC MEDIUM TO DETECT GAS BACTERIA 

Ordinary culture tubes are approximately half filled with finely 
chopped or ground spiced ham (taken from a sound can) and then 
wetted down with a solution made of .4 per cent sodium nitrate and 
two per cent cane sugar (sucrose). The finished tube, after auto- 
claving at 15 pounds per square inch pressure for 15 minutes, should 
appear as follows: 

(a) No trapped bubbles of air should appear in the medium. 
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(b) A quarter of an inch of liquid should cover the top of the 
ground meat. 

(ec) A layer of fat from the spiced ham should effect a seal to 
prevent evaporation on storage. 

(d) The medium including meat and liquid should not fill the 
tube over half full. 


To inoculate the medium, Pasteur pipettes or small, one-c.c. 
pipettes are used, introducing inocula from bottom of medium to 
surface. No bubbles of trapped air should remain in the tube after 
inoculating. The medium is ineubated at 37 and 49°C. (99 and 
120° F.). More rapid gas production sets in when these bacilli are 


TABLE 1 


Basic Cultural Characters ' 





O , | Temp. for | Color on North -_ Nitrates | Dex- 
rganism | growth gelatin agar Milk tubes reduced | trose 


| °C. g 
. tumescens........ 137 | White slimy | Coagulation, | 
| peptonization | 


— Acid 
| 
. cohaecrens 35 40 | Yellowish Peptonization | Acid 
| slimy 
. megatherium...\35 45 50 | Brownish | Peptonization Acid 
| slimy | 
B. ruminatus........ 37 45 ad Brownish Acid coagulation, | | Aeid 





slimy peptonization 
100 strains of 
spiced ham and) | Acid coagulation, | 


spice baeilli......\380 37 55 | White slimy peptonization + Acid = 


1All are aerobic and motile; no indole is formed; all liquefy gelatin; all digest casein; 
all are usually gram-positive and sporing rods. 


incubated at 49°C. In practice the inoculated tubes are incubated 
at 37 and 49°C. for 48 hours. 

Gas productior is indicated by the number of trapped bubbles 
in the medium, and rotating the tube helps to bring out these bub- 
bles. Chemical analysis of the gas shows about 95 per cent carbon 
dioxide, one per cent hydrogen, and the remainder oxygen, methane, 
ete. (mean of 100 analyses). Fermentation of the sugar is responsi- 
ble for the formation of carbon dioxide. The sugar (sucrose) dis- 
appears. The Sorensen formaldehyde titration indicates that the 
protein is not attacked during fermentation which leads to swells 
in sealed cans and gas bubbles in the medium. 

If cultures are carried out on nutrient agar or brain-veal agar, 
juices from fermented swollen cans of fermented spiced ham or the 
liquid from gassy meat tubes just described, after 24 hours of ineu- 
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bation at 37°C., show practically pure cultures of luxuriantly grow- 
ing members of the genus Bacillus. Some colonies cover the surface 
of the agar completely ; all are usually large and mucoid for the first 
24 hours of growth, but not necessarily so. 


FERMENTATION REACTIONS IN STANDARD SUGAR BROTHS AND IN 
NITRATE-SUGAR-MEAT MEDIA 
The approximate position of these bacilli, according to Bergey’s 
criteria, is shown (Table 1); these strains from the chopped hams 
and spices may be distinguished from some of the other species by 
their ability to reduce nitrates. 


TABLE 2 


Fermentation Formula? 








De b | | 
— Mal- | Galac- |Arabi- Rham- | Xy- | - | Lae- |Sorbi- | Su- 


| tose tose | nose nose | lose tose tol | crose 


| cultures 





| | 
| 
| 
| 


+ + 
— ~ 








aa 
+ 
+ 
ot 
oa 
a 
a 
oe 
“+ 
+ 
ae 


| 


“3 


we 
a 
+ 
a. 
+ 
- 
4+. 
oo 
a 
oa 
ao 





+++ | t++4++4+4+444 





Hlt+t++ttte+++++t | 


1All fermented dextrose, levulose, salicin, mannitol, mannose, trehalose, dextrin; 
acid production. Non-fermented were dulcitol, glycerol, inositol; —- = no fermentation. 

To show the biochemical characters of the gas formers, the action 
of 100 bacillary strains was studied on dextrose, levulose, maltose, 
galactose, salicin, arabinose, rhamnose, xylose, inositol, raffinose, lac- 
tose, mannitol, sorbitol, duleitol, sucrose, mannose, trehalose, dextrin, 
and glycerol. Of these 19 test substances, dulcitol, glycerol, and 
inositol were not attacked by any of the strains. Fourteen fermenta- 
tion groups were observed. No gas was produced in any sugar-broth 
or sugar-agar medium; fermentation reactions in standard sugar- 
veal infusion broths are presented (Table 2). 

A comparison was made in the fermentation of a number of sug- 
ars by testing 24 strains of these organisms, obtained from many 
sources, in plain sugar broth and in nitrate-meat-sugar media. Here- 
tofore, all the fermentation tests in nitrate-sugar-meat media were 
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done with sucrose only. In this series we used 12 fermentable sub- 
stances which were filtered through Pasteur Chamberland L3 filters 
and each sugar was added aseptically to make a final concentration 
of .5 per cent (Table 3). 

In this test it was observed that fermentation took place with 
the production of acid and gas in the nitrate-sugar-meat media, 
whereas it occasionally occurred that the sugar was not attacked 
in the sugar-broth media. This was true not only with the disaceha- 
rides, where apparently the added meat and nitrate made possible 
the mechanism to break the disaccharide linkage to hexoses, but also 
with one of the pentoses, xylose. 

We have made no attempt to determine the mechanism of gas 
formation in any other carbohydrate except sucrose, which obviously 
indicates the fermentation of dextrose and levulose. 


MECHANISM OF GAS PRODUCTION IN NITRATE-SUGAR-MEAT MEDIA 

The first change that occurs in culture media containing disac- 
charides is the breakdown to monosaccharides. In cultures originally 
containing disaccharides, monosaccharides can be found early in the 
fermentation period. Later, lactic acid is found in appreciable quan- 
tities and also much earbon dioxide gas. In closed containers, such 
as those used for canned meats, where there is no escape of such 
substanees as acetaldehyde, much 2,3-butylene glycol is formed. The 
order of breakdown appears to be from a disaccharide to hexoses, 
then to triose compounds, then to pyruvie acid. A part of the 
pyruvie acid is reduced to lactic acid and a part is split into acetal- 
dehyde and carbon dioxide. The acetaldehyde then takes various 
courses, either reduced to aleohol, oxidized to acetic acid, or con- 
densed to form acetyl methyl earbinol and 2,3-butylene glycol. 

We have tried to explain the cause for acid and gas production 
in nitrate-sugar-meat media, and only acid in the corresponding 
sugar-broth media. Some of the past experiments have led us to 
believe that the cured-meat pigment played a role in catalyzing the 
reaction. Even iron rust, with cotton present for surface effect, 
helped to produce gas; but in no ease was gas produced in such 
large quantities as when the cured meat was present. 

Recently we thought that since phosphorylated vitamin B, (thi- 
amin chloride) acted as a coenzyme which decarboxylated pyruvic 
acid, as deseribed by Werkman (1939), the comparatively large 
quantity of vitamin B, in pork was responsible for gas production 
in the meat media. 

We set up an experiment using dextrose, levulose, mannose, 
xylose, and suerose separately in broth, adding to these media .1 per 
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cent sodium nitrate and 10 mgm. per liter of vitamin B,. Five 
strains of organisms were selected that consistently produced gas in 
nitrate-sucrose-meat media, using the above sugars. These organisms, 
listed in Table 4, were inoculated into the various media and incu- 
bated at 37°C.(99°F.). After 48 hours, strain No. 1 actively pro- 
duced gas from dextrose and levulose, and strain No. 10 produced 
gas from dextrose, levulose, and mannose. After 72 hours, strains 


TABLE 4 
Comparison of COs Production in Various Media 





























Strains of bacilli 
Sugars Media —-- — —-—- 
_ aoa _— 10 | 24 6 20 
Dextrose Broth +? + | Za aa + 
NO;—meat (+) | (+) c+) | GH) (+) 
NO;—Bi (+) | 455) (+) | + + 
(thiamin | 
chloride) | | 
~ Levulose | Broth > | * + | + 
NO:—meat (+) | (+4) (+) (+) (+) 
NO;—B, (+) | (4) 7); + | + 
"Mannose | Broth | + {| + | + | + | + 
NO;—meat (+) (+) | (+) | (+) - 
NOB, (4 | | @m | + [ + 
Xylose Broth — - + | 4- | a | + 
NO;—meat (+) cs) | Ge |. te) | GR 
NO;:—B: — a + + + 
‘Suerose | Broth = | - | er ~ 
NOs—meat (+) | (+) | (+) (+) | (+) 
NO;—Bi _— — | — | + 
- rae acid; (+) = acid and gas; — = no fermentation. 


No. 1, No. 10, and No. 24 produced gas from dextrose, levulose, and 
mannose containing thiamin chloride. This is the first time that we 
have ever obtained gas formation by any of these organisms in a 
broth medium. If vitamin B, serves in the mechanism, however, it 
is not a complete factor, since we did not observe gas production 
from other organisms which previously produced gas in the meat- 
sugar media. Nitrate appears essential in gas production, since in 
no instance did the organisms produce gas in broth without the 
presence of sodium nitrate. . 


SUMMARY 

Certain species of the genus Bacillus are of great economic im- 
portance in the meat industry owing to their marked powers to 
ferment sugars with production of gas in the presence of nitrate 
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and cured meat. In addition, a red chromogenic species often dis- 
eolors the dried Xarque, or jerked beef, of South America. We also 
call attention to the presence of spice contamination and food wrap- 
ping-paper contamination with the spores of this genus. A medium 
is deseribed to detect these gas-forming bacteria. In standard sugar 
broths no gaseous fermentation takes place, but in nitrate-sugar-pork 
media these bacilli form voluminous quantities of CO, gas. Vitamin 


B,, or thiamin chloride, induces gas production with a few strains 
in ordinary sugar-nitrate broths without addition of cured meat. 
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EFFECT OF COOKING UPON THE VITAMIN B, CONTENT 
OF TWO TYPES OF BEANS GROWN IN MICHIGAN ' 


EUNICE KELLY anp THELMA PORTER 
Department of Foods and Nutrition, Division of Home Economics, 
Michigan State College, East Lansing, Michigan 


(Received for publication, May 18, 1940) 


This report deals with the effect of cooking on the vitamin B, 
content of Michelite and Cranberry beans (Phaseolus vulgaris ) 
grown on experimental plots at Michigan State College. Interest in 
this problem was aroused by an earlier study in our laboratory on 
the vitamin B, content of a number of varieties of raw beans, Kelly, 
Dietrich, and Porter (1940). The two kinds of beans selected for 
cooking were suggested by the Farm Crops Department as being of 
special interest to the growers of the state. The Michelite variety, 
derived from a cross between the Early Prolifie and the disease- 
resistant Robust, was first released for commercial production in 
1937. It possesses the desired characteristics of uniformity in size, 
shape, and glossiness of seed coat, combined with resistance to mosaic 
and other diseases. The light cranberry bean is a large bean with a 
pinkish tan seed coat mottled with red and is rather dark colored 
when cooked. This bean has been growing in popularity with 
consumers. 

Data on the effect of cooking on the vitamin B, content of beans 
are very scanty. Lantz (1938) found that six different methods of 
cooking, involving fairly long cooking periods and high tempera- 
tures, caused some reduction in the vitamin B, content of pinto 
beans as judged by the rat-growth test. The results showed that 
the use of’ baking soda in cooking pinto beans could not be recom- 
mended if it was at all practicable to obtain a palatable product 
without it. In spite of some degree of vitamin B, destruction, Lantz 
says that pinto beans boiled in tap water for six hours retained 
enough vitamin B, to permit their being considered an excellent 
source of the vitamin. 

Aughey and Daniel (1940) report that navy beans cooked in tap 
water with or without soda and fed in the moist state retained all 
of their original thiamin value. Soda shortened the time of cooking 
by a little more than one-third. 


* Approved by the director of the Michigan State College Experiment Station 
for publication as Journal Article No. 432, n.s. 
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According to Fixsen (1938), boiling of foods that are slightly 
acid occasions little if any loss of this vitamin. It would appear that 
during the cooking of vegetables at temperatures of about 100°C. 
(212°F.) destruction of vitamin B, is likely to be insignificant. 
When temperatures of baking, pressure cooking, and canning are 
used, losses of greater magnitude may be anticipated. The water- 
soluble property of vitamin B, may also lead to some loss of the 
vitamin in food preparation. 


EXPERIMENTAL PROCEDURE 
In the preparation of all the beans used in this study, 100-gram 
portions were washed and then soaked for 16 hours in 450 c.c. of 


TABLE 1 


Description of Cooking Procedures 


Variety Code Soaking condition | Method of cooking Time 








Michelite | 100 gm. beans in 450 ¢.e. | 


| 
A | distilled water; nosoda_ | Boiled in soaking water 50 min. 





/ 100 gm. beans in 450¢.c. | Boiled in fresh distilled 
B | distilled water; no soda | water 50 min. 


| 100 gm. beans in 450 e.c. | Thoroughly rinsed and boiled 
C distilled water; 3 gm. soda) in fresh distilled water 35 min. 





100 gm. beans in 450 c.e. | Baked in soaking water | 2hrs. 
| distilled water; no soda (Oven set at 160°C.) 45 min. 


Cranberry 100 gm. beans in 450 ¢.e. Pow 


distilled water; no soda Boiled in soaking water 55 min. 





100 gm. beans in 450 ¢.e. Boiled in fresh distilled 

distilled water; no soda water 55 min. 
100 gm. beans in 450 cc. Thoroughly rinsed and boiled 

distilled water; 3 gm. soda) in fresh distilled water 40 min. 
100 gm. beans in 450 e.e. Baked in soaking water ~2hrs. 
distilled water; no soda (Oven set at 160°C.) 41 min. 


distilled water. When soda was used, three grams were added to 
soaking water. For some samples to which no soda was added, the 
soaking water was used as the cooking water; for other samples, it 
was replaced with an equal volume of fresh distilled water. The 
boiling or baking processes were standardized by preliminary tests 
for tenderness as determined by 11 judges, all of whom were mem- 
bers of the foods and nutrition staff in the Home Economies Divi- 
sion. The beans were covered during the cooking periods, except 
for the last half of the baking. The schedule of cooking procedures 
is summarized (Table 1). 
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After cooking, the beans were spread out in thin layers on large 
enamel trays and covered with cheesecloth. Then they were dried 
to a constant weight at room temperature with the aid of electric 
fans. When thoroughly dried, usually after about two days, they were 
finely ground in a mill and placed in glass jars ready for feeding. 
The length of time these samples were stored was never longer than 
the experimental period. Some portions were fed in a remoistened 


state; others were fed in the dry state. 

The animal tests employed the following technique: Albino rats, 
25 to 29 days old and weighing from 48 to 57 grams, were placed 
in individual cages with raised screen floors to prevent coprophagy. 
They were fed the vitamin B, deficient diet of Chase and Sherman 
(1931) consisting of 18 per cent vitamin B,-free casein; 8 per cent 
butterfat; 53 per cent cornstarch; 4 per cent Osborne and Mendel 
salt mixture; 15 per cent autoclaved yeast; and 2 per cent cod-liver 
oil. At the end of the first week the animals were weighed and put 
into harnesses to further protect against access to excreta. From the 
10th or 11th day of the depletion period the animals were weighed 
on alternate days until loss of weight or cessation of growth indi- 
cated their vitamin B, stores were exhausted. 

One animal from each litter was used for either a negative or 
positive control, an even distribution of the sexes being made in these 
groups. Negative-control animals remained on the basal diet until 
death. Positive-control animals were fed graduated quantities of 
erystalline vitamin B,. A stock solution of the crystals was made 
up in 25 per cent alcohol; and this solution, diluted with distilled 
water, was administered from small supplement dishes in one-ml., 
two-mi., and three-ml. volumes, equivalent to two, four, and six 
micrograms of the crystals, respectively. Average weekly weight 
increments of the three groups of positive-control animals served as 
the basis for the construction of a curve of response used to inter- 
pret the data on the beans (Fig. 1). The equation used was the same 
as that employed in a preceding paper, namely, y = a + b (log x) 
when y represented the average weight changes in grams per week, 
and x, the quantities of reference material fed daily. International 
units of vitamin B, were computed by converting the average growth 
response of the animals per gram of bean supplement to micrograms 
of thiamin, using this curve. Three micrograms of thiamin were 
considered equivalent to one International unit. 

The method of selecting a control animal from each litter in- 
sures the same experimental conditions and the same history for 
these reference animals as for the test animals. Twelve animals 
served as negative controls and 36 as positive controls. 











EUNICE KELLY AND THELMA PORTER 








All remaining animals in the litters, as equally distributed as to 
sex and weight as possible, were given graduated levels of the two 
varieties of raw or cooked beans as indicated (Table 2). 

The daily weighed supplements of beans were fed in separate 
dishes. A total of 274 animals were fed the bean supplements. 
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Fig. 1. Calculated curve of response of groups of rats to crystalline vitamin 
B;. The dots represent the computed response to daily doses of two, four, or six 
micrograms of the crystals, and correspond almost exactly to the actual mean 
gains in weight indicated by the crosses. 





Weekly weights and weekly food-consumption records were kept on 
all animals; from these, mean growth responses, standard deviations, 
and standard errors were caleulated. 

DISCUSSION OF RESULTS 


The responses of negative- and positive-control rats are recorded 
(Table 2); after a depletion period of approximately two weeks 
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these groups of animals averaged from about 66 to 68 grams in 
weight. Negative-control animals lost an average of 7.6 + .8 grams 
per week and survived about 24.2 days. The positive-control groups 
consumed increasing quantities of food as the level of vitamin B, 





Daily 
supplement 


None 

Crystalline 
thiamin 
chloride 


Michelite,? 
raw 


Michelite, A 


Michelite, B 





Michelite,C | 


Michelite, D 
Cranberry, — ‘ 
raw 





Cranberry, A 


Number 


of 


rats 


TABLE 2 


Average 
length 


o 
depletion 
period 

















Cranberry, B 


Cranberry, C | 


Cranberry, D 





days 
12 13.4 
12> 15.0 
12 | 146 
12 13.5 
12 14.2 
10 17.3 
12 |) («1388 
10 13.4 
12 15.2 
12 14.1 
12 14.2 
12 14.9 
12 “14.9 
12 15.2 
14 14.9 
12 “15.1 
12 14.5 
12 14.7 
12 14.3 
12 15.7 
12 15.3 
‘12 14.7 
12 15.3 








Average 
weight 


at 


depletion 


gm. 


66.1 


~ 68.2 
66.4 
68.1 | 


67.8 
69.4 


~ 69.0 


65.8 


69.4 
68.0 
68.2 
67.3 
66.4 
63.9 
65.8 
69.0 


70.2 

















Average Average 
weekly weekly 
food con- | change in 
sumption, | weight, 
test | test 
period period 
gm, gm. 
20.4" —7.6+ 0.8 
322 | +28+07 
, Be Se Ril + 
36.8 | +6.4 + 0.7 
41.9 | +84+0.9 
32.4 +4.82 + 0.6 
36.0 +5.14 + 1.0 
34.3 | +6.73+0.8 
37.6 +9.28 + 1.0 
34.6 +6.38 + 0.8 
38.4 +9.31 + 0.7 
343 «| ~+5.48+0.8 
38.9 +9.58 + 0.8 
32.8 +4.48+ 0.9 
35.6 +8.65 + 0.8 
26.6 +0.47 + 0.7 
35.8 +6.79 + 0.8 
36.2 +8.75 + 0.9 
34.1 +6.10 + 0.8 
36.8 +9.04 + 0.8 
32.2 +5.27 +08 


38.0 | +10.02 + 1.0 


32.5 


36.1 


44.52 +07 
+6.88 + 0.9 


‘ Average survival time was 24.2 days. ? The dried, raw or cooked beans were ground 


and made into a paste with distilled water when fed. 


increased, the amounts ranging from 32.2 to 41.9 grams per week 
of the basal ration. Animals receiving daily two, four, and six mi- 
crograms of thiamin showed mean weight gains of 2.8, 6.4, and 8.4 


grams per week, respectively. 


At each level of crystals fed, these 


gains of 36 positive-control animals are somewhat greater than those 


obtained for 138 positive-control animals used for the construction 
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of a eurve of response reported in an earlier communication by 
Kelly, Dietrich, and Porter (1940). While the differences in growth 
response are not large, they indicate the necessity of constructing 
new reference curves for each series of assays on foods carried out in 
a laboratorv—Coward (1938) and Richardson and Mayfield (1937). 
The equation representing the relationship between the quantities of 
crystalline vitamin B, fed in this experiment and the mean gains in 
weight per week was found to be y = —.67 + 11.67 (log x). 

The responses of animals fed the bean supplements are given 
(Table 2). The average length of the depletion periods for these 
test animals ranged from 13 to 17 days. When the bean supple- 
ments were begun, the animals weighed between 65 and 70 grams. 
Average weekly food consumption ranged from 26.6 to 38.9 grams. 

In previous work on dry raw beans by Kelly, et al. (1940), it 
was noted that food consumption was often lower on the .75-gram 
bean supplements than on the .50-gram level of beans. This may 
have been due in part to the difficulty of administering the supple- 
ments in a dry form. In this experiment, therefore, the raw beans 
were fed in both the dry and moistened forms to suitable groups 
of animals. Raw, dry Michelite beans showed a potency of 1.5 L.U.., 
while raw, moistened Michelite beans yielded 1.77 I.U. of vitamin 
B, per gram. Corresponding values for the Cranberry beans were 
7 LU. and .9 LU. of vitamin B,. In both instances the vitamin 
values were just slightly higher for the moistened supplements. There 
was also some increase in the vitamin B, values of boiled beans fed 
in the moistened state as compared with the same samples of boiled 
beans fed dry. These data are limited and may not be statistically 
significant ; but, in order to be entirely consistent, comparisons of 
the moistened raw and cooked samples only will be discussed in, this 
paper. 


The vitamin B, content of all samples of cooked beans was found 


to be higher than that of the original raw beans. As indicated (Table 
3), Michelite beans after boiling ranged from 2.8 to 3 I.U. of vitamin 
B, per gram of dry beans; Cranberry beans showed a potency of 
2.8 or 2.9 I.U. Although soda, which was used as a soaking agent 
and was thoroughly rinsed off before cooking, shortened the cooking 

* This value, which cannot be read directly from the curve, was determined by 
the following method. From Table 2, the average weekly weight changes of ani- 
mals receiving .50 and .75 gram of raw, moistened Michelite beans were 4.82 and 
5.14 grams, respectively. These weight changes are equivalent to 2.95 and 3.17 
micrograms of thiamin, respectively, as read from the curve in Fig. 1. When these 
thiamin values are converted to a one-gram basis the values become 5.90 and 4.23 
micrograms of thiamin or 1.97 and 1.41 International units, respectively, when 
three micrograms of thiamin are equivalent to one I.U. These values give an 
average of 1.69 or 1.7 LU. per gram of bean. 
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time for both varieties of beans, it appeared to have no destructive 
action on the vitamin as indicated (Table 3). When the beans were 
boiled in the same water in which they were soaked for 16 hours, 
they showed practically the same vitamin B, values as those boiled 
in fresh distilled water after a similar period of soaking. The vita- 
min B, values of the baked beans were 2.3 and 1.9 I.U. per gram of 
dry beans for Michelite and Cranberry types, respectively. 


TABLE 3 


Vitamin B, Content of Raw and Cooked Beans (Phaseolus vulgaris) as Estimated 
From Curves of Response of Rats to Crystalline Thiamin Hydrochloride 


International 
units 
Variety Treatment of sample? vitamin B, 
per gram of 
dry beans 


Michelite Raw yi 
Boiled in soaking water 3.0 
Soaked; boiled in fresh distilled water 2.9 
Soaked with soda; boiled in fresh water 2.8 
Baked in soaking water 2.3 





Cranberry | Raw 0.9 
Boiled in soaking water 2.9 
Soaked; boiled in fresh distilled water 2.8 
Soaked with soda; boiled in fresh water | 2.9 
Baked in soaking water 1.9 





1The dried, raw or cooked beans were ground and made into a paste with distilled water 
when fed. 


After being cooked the two varieties of beans, when used as a sup- 
plement to a vitamin B, deficient diet, made possible better growth 
responses in the test animals than the beans in the raw state. This 
growth increment has been attributed to vitamin B, in the results 
reported in this paper. It would appear that the cooking processes 
rendered the vitamin B, content of the beans more readily available 
to the animals. It is recognized, however, that some other constitu- 
ents of the beans which affect growth may also have been influenced 
by the eooking. Such possibilities need further investigation. 

The differences in vitamin B, content between the two varieties 
of beans, which were apparent when the beans were raw, were not 
evident after they were cooked. The boiled beans of both types 
showed almost identical values and were slightly higher in vitamin 
B, than the same types when baked. It is likely that the higher 
temperature and the longer cooking period used for the baking 
caused some destruction of the vitamin. 
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SUMMARY 


Two types of beans (Phaseolus vulgaris), the Michelite and Cran- 
berry, were boiled or baked according to standard procedures which 
would yield tender products. The vitamin B, content of these beans 
was determined by the rat-growth method. Twelve animals served as 
negative controls; and three groups of 12 animals each were the 
positive controls, receiving two, four, or six micrograms of erystal- 
line vitamin B, daily. The mean gains in weight per week of the 
different groups of 274 test animals were referred to an average curve 
of response constructed from the growth of the positive-control rats 
for estimations of the vitamin B, content of the bean supplements. 

The boiling and baking processes employed in this experiment 
resulted in cooked beans which were estimated to have more avail- 
able vitamin B, than the same beans in the raw state, as determined 
by the rat-growth method. The baked or boiled Michelite beans had 
a vitamin B, content ranging from 2.3 to 3 I.U. per gram of dry 
beans; the baked or boiled Cranberry beans, from 1.9 to 2.9 I.U. per 
gram. Varietal differences in vitamin B, content were not apparent 
in the beans after cooking. 

Beans boiled in the water in which they were soaked for 16 hours 
showed no higher vitamin B, content than those boiled in fresh dis- 
tilled water after a similar period of soaking. Such a finding seems 
to indicate very little loss of this water-soluble factor during an 
overnight soaking period. 

Soda, used as a softening agent during soaking but thoroughly 
rinsed off before cooking, shortened the boiling time from five to 
15 minutes but did not cause a destruction of vitamin B,. 

Somewhat less vitamin B, value was present in baked beans than 
in boiled beans. 

REFERENCES 

AUGHEY, E., AND DANIEL, E. P., 1940. Effect of cooking upon the thiamin content 
of foods. J. Nutr. 19, 285-296. 

Baker, A. Z., AND Wrieut, M. D., 1935. The vitamin B, content of foods. 
Biochem. J. 29, 1802. 

CHASE, E. F., AND SHERMAN, H. C., 1931. A quantitative study of the determina- 
tion of the antineuritie vitamin B. J. Am. Chem. Soc. 53, 3506-3510. 

Cowarp, K. H., 1938. The Biological Standardization of the Vitamins. Bailliere, 
Tindall and Cox, London. 

Frxsen, M. A. B., 1938. The vitamin content of human foods as affected by 
processes of cooking and canning (with tables). Nutr. Abst. and Rev. 
8, 281-307. 

Key, E., Dierricu, K. S., AND PortTer, T., 1940. Vitamin B, content of eight 
varieties of beans grown in two localities in Michigan. Food Research 


5, 253-262. 





EFFECT OF COOKING UPON VITAMIN B, 


LANTZ, E. M., 1938. Effect of different methods of cooking on the vitamin B 
content of pinto beans. New Mexico College Agr. & M. A., Agr. Exp. 
Sta. Bul. 254. 

RICHARDSON, J. E., AND MAYFIELD, H. L., 1937. Use of standard reference mate- 


rials in vitamin A and B bio-assay. Dept. Home Econ., Montana State 
College, Agr. Exp. Sta., Mimeo Cire. 1. 





INCIDENCE OF YEASTS IN CUCUMBER 
FERMENTATIONS"? 


JOHN L. ETCHELLS 
Food Research Division, Bureau of Agricultural Chemistry and Engineering, 
U. S. Department of Agriculture, Raleigh, North Carolina* 


(Received for publication, May 20, 1940) 


While numerous investigators have carried out experimental work 
over a widespread area and under varied experimental conditions in 
regard to the microbial fiora occurring during the fermentation of 
cucumbers, little or no attention has been paid to that phase of the 
fermentation proper which is brought about by true yeasts. In fact, 
the réle of yeasts in the fermentation of cucumbers has been more 
or less unrecognized by workers in this field. This is particularly 
interesting in view of the fact that in several cases yeasts are men- 
tioned in the literature—Kossowiez (1909), Hasbrouck (1910), Le- 
Fevre (1922), and Vahlteich, Haurand, and Perry (1935)—and in 
some instances in connection with evolution or bubbling of gas during 
fermentation—Riley (1914), Brown (1916), and LeFevre (1921)— 
vet no systematic study as to their populations in the brine is re- 
ported to show definite association with cucumber fermentation. 

It has been the aim of the present study to deal specifically with 
yeast populations in brines of different initial salt concentrations ; the 
latter being a part of a general program being carried out on the 
fermentation of cucumbers for salt stock production. The work cov- 
ers a four-year period (1936 to 1939) and was carried out under 
what could be called commercial salting conditions. The major por- 
tion of the fermentations was in vats of approximately 85-bushel 
capacity ; all vats were outside, thus reducing to a minimum pseudo- 
veast (Myeoderma) growth. 


EXPERIMENTAL PROCEDURE 


In general the salting procedure was as follows: Vats were filled 
with cucumbers, headed, and salt brine was added so as to come a 
few inches above the heads. The actual salting schedule for the dif- 
ferent initial brine concentrations, and the rate of increase in brine 
concentration for the treatments are shown (Table 1). Initial brine 


Presented at the Technical School for Pickle and Kraut Packers at East 
Lansing, Michigan, February 20, 21, and 22, 1940. 
*In codperation with the Department of Horticulture, North Carolina Agri 
cultural Experiment Station. 
* Food Research Division Contribution No. 495. 
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concentrations of 20, 30, and 40° * were employed as regular treat- 
ment in vats of 85-bushel capacity. One treatment other than regu- 
lar was given two vats of 180-bushel capacity salted at 30° where the 
salt and water were added, during the filling of the vats with cucum- 
bers, in amounts sufficient to make an initial 30° brine. In all a 
total of 24 vats was followed with respect to yeast populations. The 
four 40° treatments followed during the 1936 season were used as a 
basis for the later studies and were on large vats (720 bu.). 

Brine samples for analysis were taken as follows: For the pre- 
liminary work (1936) the samples were taken by use of a stoppered 


TABLE 1 


Salting Schedule for 1937, 1938, and 1939 Seasons 
REGULAR TREATMENT 


Initial brine Rate of increase of brine 
concentration concentration ? Number Capac- 
| salted ity 
- bu. 
Up 10° per week to 60° j 85 
Up 7.5° per week to 60° 4 85 
Up 5° per week to 60° 85 
Up 2° per week to 50° then 
5° per week to 60° 720 


Nor REGULAR TREATMENT 


30° * | Up 7° per week to 70° | 2 180 


After the first week. ? Treatment used for preliminary work during the 1936 season. 
* Salt and water added during filling of vats with cucumbers. 


bottle fastened to a long, narrow piece of pine siding, the latter being 
run down the sample slot to a midway depth in the brine and the 
stopper removed by an attached cord. The above sampling method 
was improved for the following seasons and samples were taken by 
inserting a piece of stainless steel tubing through an opening in the 
head of the vat into the brine toward the center of the vat and with- 
drawing the brine sample through an attached piece of rubber tub- 
ing. Two 12-ounce bottles of brine were withdrawn before taking 
a sample for analysis. Samplings in all cases were started at the 
time the vats were put down and headed and were continued at 
intervals during the course of fermentation. Fermentations occurred 
for the most part during the month of July with the brine tempera- 
ture approximately 26.7°C.(80°F.). 

Yeast populations in the brine were determined by plating dilu- 
tions of the brine on tartarie acid agar.’ In brief, this medium 

‘Per cent saturation with respect to sodium chloride. 


*Laboratory Manual (Methods of Analysis of Milk and Its Products). Int. 
Assoc. Milk Dealers, p. 81 (1933). 
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consisted of ordinary dextrose agar to which five c.c. of sterile five- 
per cent tartaric acid were added to 100-c.c. amounts of the agar 
prior to pouring the plates, the addition of the tartaric acid bringing 
the pH of the medium to approximately 3.7 thus withholding all of 
the usual brine organisms but yeasts.®° The yeast plates were usually 
incubated for three days at 35°C.(95°F.) ; in eases where growth was 
inadequate, the incubation period was extended to five days. 


PRELIMINARY EXPERIMENTS 

The four 40° vats salted during the 1936 season served as pre- 

liminary experiments with regard to analyses of the brine for the 

presence of yeasts. Two of this group (Vats 124 and 126) were put 

down on the same date (6-30-36), the remaining two (Vats 125 and 
122) followed at intervals of six and seven days, respectively. 
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The yeast fermentation trend for all vats is shown (Fig. 1) as 
the arithmetic mean of the plate counts for all vats and the values 
are plotted logarithmically at regular intervals during the period 
of analyses. On the initial day (the time the vats were salted) the 
analyses showed yeasts were present in numbers slightly over 1,000 
per ¢.c.; they remained in the brine in numbers less than 1,000 for 
about a week when active yeast fermentation began. It will be noted 
that the active phase of the yeast fermentation, after having started 
in about one week, followed a somewhat irregular course with respect 
to numbers for about 30 days, after which time the counts declined 
more or less gradually to the 1,000 per e.c. range. In general, the 
mean populations were in the neighborhood of 10,000 per ¢e.c. during 


the period from the eighth to the 32nd day. Considerable variation 


*If this medium is used for analyses of brines sheltered from direct sunlight 
or otherwise receiving no scum control, pseudo-yeasts (Mycoderma) will grow out 
and are apt to be confusing. 
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is noted between fermentations. In the case of Vats 124 and 126 
very low counts on the 21st day accourted for lowering of the gen- 
eral fermentation trend during the period from about the 16th to 
22nd day. However, the most important result to be noted from 
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these preliminary observations is the fact that yeast populations, 
showing a definite fermentation trend, were established as a part of 
the cucumber fermentation proper. 
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DISCUSSION OF RESULTS 
Following the preliminary work of 1936, observations were made 
with respect to yeast populations in brines of 20, 30, and 40° treat- 
ment during the next three salting seasons. All fermentations were 
in vats of 85-bushel capacity and an improvement in brine sam- 
pling was effected. Also, an effort was made to put down vats at 
the same time, particularly vats receiving the same salting treat- 
ment. The results are shown in respect to brine treatment (20, 30, 
and 40°) with the number of vats followed during each year shown 
as a separate unit. Plate counts made at the sampling intervals are 
plotted logarithmically to facilitate yearly comparison where counts 
vary greatly, as well as individual variations within the same year. 
The lowest values plotted are counts of 1,000 per c.e. 


20° BRINES 
Yeast populations in the 20° brines for the three-year period are 
shown (Fig. 2) ; initial counts above 1,000 per e.c. are shown in three 
ceases. Where no counts are shown the yeasts were usually present 
but in numbers less than 1,000 per ¢.c. In general, yeast fermenta- 
tion started in about three to six days, reached a peak (50,000 to 
600,000 per e.c.) within the first week and then declined. Counts 
decreased to the neighborhood of 1,000 per e¢.c. after a period of 
about three weeks. Variations are evident within the same year as 
well as between different years. 


30° BRINES 

Analyses of 30° brines with respect to yeast populations were 
carried out on the regular treatment for a two-year period (1938 
and 1939). These are shown in the upper part and middle part of 
Fig. 3 and are discussed first. Both 30° fermentations during the 
1938 season showed a somewhat irregular course, subjected to peaks 
of high and low counts. Active yeast fermentation began after about 
one week and reached the first peak on the 11th day (approximately 
50,000 per e.c.) for both vats. However, similar peaks were again 
noted on the 13th and 16th days for Vats 13 and 9, respectively. 
Counts decreased to less than 1,000 per ¢c.c. after 21 days for Vat 9 
and after 28 days for Vat 13. 

The yeast fermentations in the vats followed during the 1939 
season (middle part, Fig. 3) were quite similar in character. Both 
showed counts in the 1,000 per c¢.c. range at the initial analysis. After 
beginning activity on about the fifth day, they showed a course of 
active fermentation that extended to the 17th day, at which time 
counts declined to 1,000 per e.c. in both cases. The yeast count 
reached a maximum in one ease (Vat 1) of about 400,000 per c.c. 
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on the seventh day and in the other case (Vat 3) of about 175,000 


per ¢c.c. on the 11th day. 
In general, comparison of the yeast fermentations for the two 
seasons would indicate a more regular course of fermentation with 
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somewhat higher maximum counts for the 1939 season. The dura- 
tion of active yeast fermentation for both seasons is not particularly 
different. 

The influence of a different 30° salting treatment (Table 1) on 
yeast populations, based on one season’s observations, indicate a con- 
siderable difference when compared with regular 30° treatment pre- 
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viously described. The most striking variation is the length of time 
(about two weeks) required for the yeast fermentation to start in the 
30° brines not receiving regular treatment (lower part, Fig. 3). It 
will be noted that the yeast populations in both cases (Vats R3-v19 
and R6-v15) rose sharply to near the 100,000 per e¢.c. range on the 
15th day and remained in or above that range until the 20th day, 
then declined sharply. After a second rise and fail, counts in about 
the 1,000 per c.c. range were reached on the 30th day. 


40° BRINES 

The growth curves of the yeast fermentation of 40° brines (Fig. 
4) are similar in some respects to those of brine concentrations pre- 
viously discussed. They are, however, singularly different in respect 
to the length of time which yeasts occur in 40° brines as compared 
with 20 and 30° brines. In the majority of the cases of the 40° brines, 
yeast counts of 1,000 per ¢.c. are noted after a period of 28 days. 
Generalized observations for all three years show that usually most 
of the yeast fermentations started after about one week, reached 
maximum counts (100,000 per e.c. range) after 13 to 17 days, then 
declined to the 1,000 per c.c. range after a fermentation period of 
about 30 days. The above observations are not without exception, 
however, as will be noted in the ease of the 1939 observations (lower 


part, Fig. 4). Here one of the yeast fermentations started three to 
four days after the vat was put down. Also, the maximum counts 
in both fermentations were considerably higher than those of the 
two preceding years. 


20 AND 40° FERMENTATION TRENDS 

The fermentation trends for all 20 and 40° brines are shown 
(Fig. 5) with respect to yeast populations. The values plotted rep- 
resent the geometric mean of the counts taken at two-day intervals 
from Figs. 2 and 4 throughout the yeast fermentations. Counts less 
than 1,000 per e.c. are shown below the double line and are con- 
nected by dotted lines. The mean values are plotted logarithmically, 
principally to permit showing yeast counts during the period prior 
to active yeast fermentation. No counts less than 100 per c.c. were 
included in the calculations. 

In the case of the 20° brines, the initial presence of yeasts in rela- 
tively low numbers is shown. After a period of about three days of 
inactivity the typical yeast fermentation ensued and reached a peak 
on the ninth day, then declined so as to reach the 1,000 per c.c. 
range on the 18th day at which time active fermentation was con- 
sidered to be complete. Yeasts are shown to be present in the brine 
in relatively low numbers, however, until the 26th day. 
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The fermentation trend for the 40° brines shows yeasts initially 
present in numbers less than 1,000 per c.c. and remaining in that 
range for approximately one week. After this period the counts rose 
so as to reach a peak on about the 14th day and then declined so 
that the yeast fermentation was more or less complete after 28 days. 
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Fic. 4. Growth curves for yeasts in 40° brines for a three-year period 
(1937-1939). 
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The observations indicate that the probable active period of yeast 
fermentation in 20° brines would be about 15 days, while in the 40° 
brines it would be about 20 days. Also, it is evident that in general, 
the 20° brines would begin active fermentation somewhat sooner 
(about five days) as compared with the 40° brines. 
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A comparison of the maximum numbers of yeasts observed in all 
20 and 40° brines would tend to show that the latter brines had a rel- 
atively higher figure (about 100,000 per ¢.c. compared with 50,000). 
It will be noted from individual cases, however, that while the time 
of starting of active yeast fermentation and the length of fermenta- 
tion show remarkable correlation when compared, the maximum 
counts of the yeast present do not necessarily show the same relation- 
ship. The counts per cubie centimeter may, in fact, show as much 
as a ten-fold difference in like brine concentrations during the same 
season’s observations as well as for that of different seasons. 

The seeming lack of direct correlation between brine concentra- 
tion and maximum numbers of yeast present is emphasized further 
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Fig. 5. Yeast-fermentation trends in all 20 and 40° brines over a three-year 
period (1937-1939). 


in observations made on 60° brines. In two eases during the 1939 
season yeast populations of 1,000,000 per e.c. were observed. 

The discussion of fermentation trends has been limited to yeasts 
in 20 and 40° brines; 30° treatments have not been dealt with owing 
to lack of a comparable number of observations. However, it seems 
reasonable to assume that the general fermentation trend for 30° 
brines would probably fall between the 20 and 40° trends, being 
somewhat more similar to the former. 


DISCUSSION 
This study has been concerned with yeast populations in brines 
receiving different treatments with respect to salt concentration ; 
however, it is evident that the latter governs to a greater degree 
the time that active yeast fermentation begins and the duration of 
that fermentation than it does the yeast populations once the fer- 
mentation is under way. 
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In the lower salt concentration brines, an earlier lactic acid fer- 
mentation in a relatively short time brings about brine conditions 
which are more favorable in respect to pH for yeast growth. In the 
higher salt concentrations, the acid fermentation being somewhat 
delayed, also delays the beginning of the yeast fermentation. Also, 
the duration of the active phase of yeast fermentation is affected to 
a great extent by the amount of food material available at the time 
the yeast fermentation starts. A vigorous, early acid fermentation 
in 20° brines would no doubt utilize the food material more rapidly 
than would the slower acid fermentations in the higher brines (40°). 

The influence of the lactic acid fermentation in brines of differ- 
ent salt concentration upon the yeast fermentation will be presented 
at a later date. 


SUMMARY 

Under the conditions described for salting cucumbers, a part of 
the resulting fermentation is brought about by yeasts. 

Active yeast fermentations were found in brine treatments of 20, 
30, and 40 per cent saturation with respect to salt. 

A definite correlation was found between brine concentration and 
the beginning and duration of the yeast-fermentations (20 and 40° 
brines). 
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In recent years much effort has been expended on the variety 
and handling of peas for preservation by freezing. The Los Angeles 
Laboratory of Fruit and Vegetable Chemistry of the United States 
Bureau of Agricultural Chemistry and Engineering prepared expe- 
rimental packs of frozen peas of both the 1938 and 1939 crops in 
the hope of learning facts of value to growers, processors, and con- 
sumers of this vegetable, while the Home Economies Department of 
the University of California at Davis undertook to judge the culinary 
and taste qualities of these samples. Subjective and objective tests 
as well as correlation between them, were obviously necessary. This 
paper will describe the steps taken to develop the subjective score 
card, to evaluate its use by the scorers, and to compare the results 
with an objective test—the sugar content—that has been proposed 
as indicative of maturity and edible quality of peas. 

Seore sheets for vegetables available in the literature, such as 
those proposed by Hamilton (1939) for frozen peas and those devel- 
oped by Davis for frozen lima beans,? were examined but did not 
meet entirely the needs of this study. A new score sheet was there- 
fore devised. Since little has been printed on the technique of score- 
sheet production, some detail is here given, with an account of the 
effort to evaluate the scorers’ reliability. 


METHOD OF COOKING 

The first step necessary was to find the best method of cooking 
the frozen peas. Fifty-gram samples of several varieties, weighed 
out in the refrigerator room, were placed in labeled envelopes. Vari- 
ous amounts of water were poured into 400-c.c. pyrex beakers; and 
when the water was boiling, the frozen peas (before thawing) were 


* Joint contribution of the Department of Home Economics, University of 
California at Davis, and the Food Research Division of the Bureau of Agricultural 
Chemistry and Engineering, U. S. Department of Agriculture, Los Angeles, Cal- 
ifornia. The peas used in this work were grown under the supervision of Dr. 
J. H. MacGillivray of the University of California, Division of Truck Crops. The 
technology of their freezing was carried out by D. G. Sorber of the Bureau of 
Agricultural Chemistry and Engineering. 

* Unpublished material lent by Dr. Martha E. Davis, Department of Home 
Economics, University of California at Los Angeles. 
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dropped in and were cooked for various periods. Thus the best 
length of time for cooking as well as the proper amount of water 
were determined. In these experiments the best results were ob- 
tained when 50 grams of frozen peas were placed in 10 ¢.c. of boiling 
water, covered with a watch glass, and boiled over a very low flame. 
The time of cooking, from the placing of the peas in the boiling water 
until their removal from the stove, was exactly eight minutes. They 
were then put immediately on a saucer for judging. When the cook- 
ing was done in this manner, almost no water remained, hence there 
was a minimum loss of nutrients. Because of the short time required, 
little pigment was lost even though the peas were covered. This 
method, adopted as standard for all samples, proved satisfactory. 


DEVELOPMENT OF SCORE CARD 


It was necessary first to decide whether to make the score card 
detailed or simple. Because of the personal element, the errors in- 
volved in scoring are in any case large. A simple card was therefore 
selected as likely to yield more comparable results. 

Care was exercised in assigning numerical values to the items on 
the score card. Obviously flavor, which is best at the height of ma- 
turity, should receive the highest score. In examining score cards 


on other food products, such as milk, butter, and cheese, we did not 
find uniformity regarding the value assigned to flavor; the percent- 
age was arbitrarily set. We selected 40 per cent as our estimate of 
the part flavor plays in peas. 

Each other item was in turn arbitrarily given a numerical value 
reflecting its importance to the consumer. Admittedly, the card may 
not be properly weighted, though all samples were scored on the 
same basis by identical judges. 

A total of 40 points could be obtained either for very sweet-tast- 
ing peas or for peas less sweet but of excellent flavor. In general, 
peas of good flavor were sweet. For a sweet flavor, 30 points were 
allowed; slightly sweet, 20; flat, only 5; and unpleasant, 0. 

Texture was divided into three parts, 10 points being given for 
each. The general texture had a minimum of 10, and 10 each were 
given for the skin and the cotyledon. The term general texture was 
applied primarily to samples that were watery or mealy; this con- 
dition did not readily come under the heading of skin or cotyledon. 
Appearance was divided into color, 15; size, 10; and form, 5 points. 
Color received five points whenever the majority of the peas in the 
sample were uniform in color. If green, they had an additional 10 
points, making a total of 15 for the choice peas. Although size is 
sometimes regulated by screening, these samples were mostly un- 





SUGAR CONTENT OF FROZEN PEAS 107 


screened. For any large variety, furthermore, the scoring of size 
on this chart would be incorrect; but in the varieties sent to us the 
smaller peas proved, on the whole, to be sweet, tender, and choice, 
provided they were mature for that variety. Since the most desirable 
form was round and uniform, this item gave a score of five points. 


TABLE 1 


Comparison of Scores With Sugar Content of Frozen Peas 








Sample Average Corrected Sugar 
number score score content 








pet. 
33 Y III 73 g 6.30 
8YI 84 6.24 
§YI § f 6.23 
12 YI 5.91 
6DI § 5.87 
7DI ¢ 5.78 
14 YII $ 5.76 
3DI j 5.76 
7YI : 5.71 
27DI 3 
10 YI 
29 DIITI 
7282 
27 Y II 
8 YII 
27 DIII 
5DI 
13 Y III 
7DIIlI 
39 DIII 
9DI 
7 ¥ i 
3 DIII 
SDII 
6 Y III 


Sao ttt 











35 


The scorers, when tasting, were requested to place several peas 
from each sample in the mouth at the same time in order to get a 
representative selection. A taster who ate several hard peas together 
always became unduly critical and tended to grade the flavor and 
texture very low. We decided, therefore, to separate the very hard 
from the soft peas and to judge only the soft. This change necessi- 
tated deductions from the scores for the percentage of hard peas. 
Again the values were somewhat arbitrary. Since the hard peas were 
not judged, they were deducted from the score. 
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The judges separated the hard from the soft by touching them 
with a fork or a finger immediately after cooking. All five judges 
went over every sample to determine hardness. The proportion of 
hard to the total number of peas was ascertained by counting. 
When 18 aliquots taken from the same large sample were cooked 
and judged, the percentage of hard peas varied from 10 to 30 per 
cent. If only 10 per cent of the peas were hard the consumer would 
not notice them. If, however, one-third were hard he would consider 
the peas undesirable. Approximately one-third of the hard peas were : 
inedible. Thus, to deduct for the undesirables, one-third of the per- 





centage of the number of hard peas was subtracted from the total 
seore. 
By these investigations the following score eard was evolved: 


INDIVIDUAL SCORE CARD FOR QUICK-FROZEN PEAS 

















Name Date Sample No,_____ 
2 oe eee Flavor (40) 40 Texture (30) 
Flavor 40 _____ Very sweet General (10) 
| =xeelle avor ) or ) 
Texture  —— Excellent flavor 4( tender 10 
(not very sweet) watery a 
Appearance Sweet 30 mealy 5 
color OE cniniainins | Slightly sweet 20 tough 0 
; 10 Flat 5 Skin (10) 
= ( 
_ eons Unpleasant 0 tender 10 
form BD reeteten medium 5 
tough 0 
Total 100 —_____ | Cotyledon (10) 
*Deduction aaemnae | soft 10 
medium 5 
Final Score ee hard 0 
Number of hard ———_ Appearance (30) — add score above and below 





Number of soft line for total: 


























Color (15) Size (10) Form (5) 
uniform 5 uniform 5 uniform 3 


Per cent hard 










mixed mixed mixed 








*Determined by subtract- bright green 10 small 5 round 2 

ing \% of percentage of s : : 

hard peas. green 8 medium 3 shriveled 1 
yellow-green 5 large 1 


bleached 






Please note: Compare with other samples. If you prefer a sample with a low 
score to that with higher score, please check both again. 

Cheek only one place under flavor and one under texture and one place above and 
one below the line under color, size, form, to get the total for appearance. 
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SELECTION OF JUDGES 

Since scores on any given set of peas varied greatly with the 
judges, the same five persons scored all the samples. Usually 12 
samples were judged once a day. Sometimes as many as 24 were 
scored. Because of the taster’s fatigue, however, so large a number 
is not recommended. 

The peas were placed in open dishes immediately after they were 
cooked ; otherwise they became water-soaked, a condition that mark- 
edly influenced their flavor. All were judged when lukewarm during 
the same interval of time after cooking. 

The control samples were distributed throughout the judging 
period. On some days none were placed in the group, whereas at 
other times two or three samples were entered. The results given in 
this paper are in no way absolute scores; they are comparative only 
among these samples, not with scores for any other peas. 

Reliability of Judges: The reliability of the judges was deter- 
mined by giving each of them 18 aliquots taken from the same large 
sample of peas. These aliquots were assigned numbers resembling 
those of the other samples, so that they would not be recognized as 
identical, and were distributed through the testing period. In fair- 
ness to the scorers we might add that the large sample. itself was 
not uniform; the percentage of hard peas varied in the individual 
samples from 10 to 30 per cent. 

The coefficient of deviation for the ratings of these nearly identi- 
cal samples by the various judges proved to be as follows :* 


Per cent 


Judge 
Judge 
Judge 
Judge 


Ilence Judges C, D, and E were most reliable. When weighted 
for reliability, however, the scores did not differ significantly from 
the average. One may note this fact (Table 1) by comparing the 
average with the corrected scores. 


COMPARISON OF SUBJECTIVE SCORES WITH SUGAR CONTENT 
OF FROZEN PEAS 
The sugar content of peas is closely related to their quality. As 


the peas mature, the sugar turns to starch, a change that impairs 
! 
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TABLE 2 
Average Scores of Quick-Frozen Peas 








Young’s plots Davis plots 


Plot number and 
variety First Second Third First | Second Third 
picking | picking | picking | picking | picking | picking 








. Check’ aon 
2. Laxton’s Progress 85 
. Laxton’s Progress..........0.+ 80 
. Thomas Laxton 83 


a | 


50 obs dee 67 
48 nae 5 57 
64 ines 33 
64 
73 70 
42 
42 


Nona on) oc 
or, Fk OND KF © 


61 
58 
73 
9 MN ssccsesnccscecedeeverenbsatecens 
NR aciccsisedibinintaiabtiinmcdeiete 
. Improved Gradua................ 


. Asgrow Teton 

. Morse’s 200 
Morse’s 2286 
Morse’s Market 

. Check’ 
Check (a)' 
Roger’s Early Gilbo 
Asgrow 40 

. Dwarf Alderman 


ee oe =— 72 
30. mere ties i) esis 77 
31. ones aii pee 77 
32. extn pare sees 82 
33. — roe ‘ as 61 
34. sa tt em 
85. ees ue ie 71 
Be Es isiesicvocnteieisnbnctouniciee ane ee 57 ses 73 
BE ON rons vocdonssorcocensevavscenrios _— ses 57 ~ 44 
38. ois ne ie 64 pare 76 
39. ae ren 70 =o 80 
40. Alderman, Tall soe pare 68 jase 59 
41. Check’ i ine rene 13* 

Average 82 ‘ 59 76 64 


1 Checks were all Laxton’s Progress planted on different plots. ? Not blanched. 
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palatability. Simultaneous with the decrease in sugar are a change 
in eolor and flavor together with a hardening of the cellulose. Peas 
with higher sugar content usually have better flavor, color, and 
texture. Kertesz and Green (1932) discuss this deterioration in 
shelled green peas held a few days in storage before canning. In 
this study the sugar content proved to be a reliable index to quality. 

The sugar content,‘ as determined by Bisson and Sewell’s method 
(1927), of 26 samples in Group 1 (1938) was compared with the 
subjective scores shown (Table 1). The coefficient of correlation, .77, 
indicates a satisfactory agreement between the sugar content and 
the scores obtained. 


RELATION OF MATURITY TO EDIBLE QUALITY 


The peas in Group 1 were grown in two separate plots: one on 
the Young farm near Mt. Eden and one at the University Farm, 
Davis. The climatic and soil conditions of the two were different. 
Some of the peas underwent three pickings, some two, and others 
only one (Table 2). In some instances no pickings were made on 
the first dates because no peas were mature at that time; hence not 
all the samples of any one picking were necessarily at the same stage 
of maturity. The three pickings were made on definite dates: for 
Young’s plots on May 5, May 11, and May 18; for the Davis plots 
on May 11, May 21, and May 27. The variations in the climatic 
conditions between the two places caused other differences; for ex- 
ample, some of the third pickings on the Davis plots were better 
than the second pickings. The explanation is that weather conditions 
were actually better when the latter picking was made. 

The average scores on these peas appear (Table 2); but since 
they did not differ significantly from the weighted scores, only 
averages are given. The first pickings tended to yield the highest 
quality of peas, as is indicated by an average score of 82 for Young’s 
plot and 76 for the Davis plot. The second pickings averaged 69 
for Young’s and 64 for Davis; the third pickings, 59 and 68, 
respectively. The second and third pickings at Davis were not sig- 
nificantly different, perhaps because of the weather. 


As stated before, the sugar content of 25 samples of the peas 
taken at random showed a coefficient correlation of .77 when com- 
pared with the average scores. The first pickings had the highest 
sugar content and highest score; the third pickings had the lowest 
sugar content and the lowest seore, as shown below: 


* Acknowledgment is made to Mr. C. G. Zobnin, Technician, Department of 
Home Economics, University of California, Davis, for sugar determinations. 
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First picking Second picking Third picking 
Average percentage of sugar............ 5.64 5.28 4.63 
Average score 67 64 


The decrease in sugar content with the decrease in the score is shown 
by Sample 7, Laxtonian variety. The first picking on the Young 
plot had a score of 75 and a sugar content of 5.71, whereas the third 
picking had a score of 42 and a sugar content of 4.44. On the Davis 
plot the first picking gave an average score of 90 and 5.73 per cent of 
sugar; the third picking, an average score of 43 and 4.76 per cent of 
sugar. According to these results, the highest sugar content indicates 
a more desirable state of maturity and hence a better-quality pea. 
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Fic. 1. Comparison of sugar content and score of two varieties of frozen peas 
during successive days of maturity. 


Not enough samples were examined to show accurately the best 
varieties of peas for freezing. Some that gave uniformly high scores 
were Thomas Laxton, World Record, Laxtonia, Dwarf Alderman, On- 
ward, and Improved Stratagem. The only set of unblanched peas 
included were inedible. The average score of all samples in Group 1 
was 70 points. This applies to these samples only and is not to be 
compared with averages for other samples on the market. 

The following year a second experiment was planned to determine 
more accurately the relation of maturity to quality of frozen peas. 
Five judges were selected. Each judge scored each set of peas three 
times, and an average score was used. 

Two varieties of peas were selected for the maturity comparison, 
Woodruff 57 and Stratagems. The quality seemed somewhat inferior 
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to that of the peas in Group 1. Stratagems were better than Wood- 
ruffs. The scores were much lower; since, however, the judges were 
different, their results cannot be compared directly with those of 
another group. The peas were picked on seven consecutive days, 
starting before the height of maturity and continuing until past 
prime. 

The scores and the sugar content of the peas (Figs. 1 and 2) 
showed the same trend. (A coefficient of correlation of .74 confirmed 
this.) In general, the scores and sugar content increased to the height 
of maturity and decreased thereafter. Certain exceptions, however, 
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Fig. 2. Comparison of sugar content and score of frozen peas of graded sizes 
picked on different days. 


proved interesting. On May 10, the last day of picking the Strata- 
gems, they were considered well past their prime; yet the sugar 
content was higher than on the three previous days, and the peas 
received the highest score of the entire group. The Woodruffs of 
May 3 showed a similar tendency except that the sugar content and 
the scores were lower than on the preceding day, though the height 
of maturity had not been reached. The explanation, apparently, is 
that during the freezing, the peas were treated differently on these 
days. The peas picked on May 3, not having been frozen for nine 
hours after picking, were of inferior quality. 

The Woodruffs picked on May 3 and 4 were screened into four 
sizes. The very small peas that would pass a !1%p»-inch screen were 
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weighed and discarded. The 3’s, 4’s, and 5’s were the successive 
sizes passing holes in sereens varying from %» of an inch up to 
144, inch. Those that failed to pass the No. 5 sereen were called 
6’s plus and treated as one size. On May 9 the Stratagems were 
divided into two lots—3’s to 5’s inclusive and 6’s. These screened 
peas were judged, and the sugar content was determined. The sugar 
content and the scores follow the same trend but not necessarily to 
the same extent, as was indicated by a coefficient of correlation of 
.53, (Figs. 1 and 2). The medium sizes, 4’s and 5’s, were superior 
to small-sized 3’s and large-sized 6’s, as is shown by the higher scores 
and higher sugar content. The scoring and the sugar content, how- 
ever, show a closer relation to maturity than to the sizes of the peas, 
as is indicated by a coefficient of correlation of .74 for the former 
and .53 for the latter. 

Despite the popular conception of the sugar content of small peas 
the No. 3’s, which were 100 per cent soft, were lower in sugar than 
the No. 4’s and 5’s. 

Jodidi (1938) found specifie gravity to be closely correlated with 
maturity in fresh peas. A specific-gravity test was applied to frozen 
peas, but was invalidated by differences in rate of dehydration of 
the peas in broken packages during frozen storage. 

The aleohol-insoluble residue used in the grading of canned or 
fresh peas by Kertesz (1934), Bigelow (1936), Bonney and Rowe 
(1936), and Jodidi (1938) might also serve as a test for frozen peas 
but was not used in this study. 


SUMMARY 

The method of developing a score card for judging eooked frozen 
peas is given in detail. 

The scores obtained were compared with the sugar content of 
numerous samples of different varieties of peas at different stages 
of maturity. Coefficients of correlation .73 and .74 between the sugar 
content and the subjective scores obtained on two groups of peas 
indicate that the score card and the sugar content are equally related 
to maturity. 

Variation in trend in the sugar content and scores on successive 
days of picking indicated that the edible quality of frozen peas may be 
affected by changes in the freezing procedure as well as by maturity. 
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Previous studies reported by Ostrolenk and Hunter (1939) indi- 
eated that the colon-aerogenes group of bacteria could be isolated 
from pecans and other nut meats in relatively large numbers. In 
spite of the dry character of these food products, organisms of the 
colon-aerogenes group survived for sufficient periods to permit their 
detection at the time nut meats might be expected to reach the con- 
suming public. The presence of Escherichia coli on pecans and other 
nut meats raises the question of their sanitary significance and meas- 
ures that need be taken to prevent such pollution. Hunter (1939) 
states ‘‘a knowledge of the food product which permits an explana- 
tion of the sources and routes of contamination is fully as important 
as a knowledge of the identity of the colon-aerogenes organisms 
detected in or on it’’ and ‘‘until this basis is laid the very ubiquity 
of the group places a handicap upon the interpretation of results 
obtained by laboratory examination.’’ 

To evaluate properly the sanitary significance of the various 
members of the colon-aerogenes group of bacteria found on nut meats, 
a survey was undertaken to ascertain the sources and extent of pol- 
lution during peean shelling and to determine economical methods 
of elimination of such pollution. 

Two separate investigations were made. The first was carried out 
in the fall of 1936 in the Georgia pecan belt. Specimens of pecans, in 
the various stages of production, were collected aseptically in sterile 
pint tin containers from 13 shelling plants in Georgia, Florida, Mis- 
sissippi, and Alabama. These specimens were shipped immediately 
to the Food and Drug Administration laboratories in Washington, 
D. C., where they were stored at 4.4°C.(40°F.) until they were 
examined. Approximately 200 specimens collected in this manner 
were examined from 21 to 42 days after the date of collection. 

The second investigation was made in the fall of 1939 and cov- 
ered 20 peean-shelling plants in Texas. To facilitate the collection 
and examination of specimens a field laboratory was set up in San 
Antonio, Texas, in codperation with the San Antonio Department of 
Health. The establishment of such a field laboratory made it possible 
to broaden the scope of the investigation to include the collection of 
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specimens not taken during the 1936 survey, such as the washings 
from equipment and the hands of the personnel engaged in shelling 
operations. It was also possible to conduct several experiments on 
the effect of chlorination of shell pecans in the first stages of pro- 
duction and to determine the value of cleaning and chlorination of 
equipment under controlled conditions. 

The methods of producing pecan meats do not differ materially 
in various sections of the country. Essentially the method consists 
of grading and storing the shell pecans as they are received from 
the growing areas, tempering (a soaking process in water for periods 
of from 10 minutes to three or four hours to make the shell less brit- 
tle and the meat more pliable), draining and drying, cracking, pick- 
ing, grading, drying, and fumigating of the picked meats, and finally, 
packaging and storing of the finished product. 

The possible avenues of contamination in pecan production in- 
clude improper personal hygiene, polluted tools, dirty table tops, 
unclean utensils, and contamination caused by rodents. Poor super- 
vision of employees is also a contributing factor. Because of the 
high oil content of pecan meats, wooden table tops soon become 
soaked with rancid oil which harbors large numbers of bacteria. This 
is also true of wooden-handled picking knives; however, of greatest 
importance as a source of pollution is the process of tempering the 
shell stock. Pecans are tempered in burlap bags holding approxi- 
mately 135 pounds. These burlap bags, coming from the farm, in 
many cases have been in contact with manured soil and other filth. 
Once these bags are thrown into the tempering tanks an even dis- 
tribution of bacteria of all types is obtained on the pecans in the 
bags.1. The subsequent short drying process given the shell stock 
does not reduce this bacterial load materially and it is carried on 
the shells of the pecans through the various processes to the pickers, 
who, by handling, deposit countless numbers of organisms on the 
finished picked meats. 






















COLLECTION AND EXAMINATION OF SPECIMENS 


The following specimens were collected and examined: dry pecans, 
tempering and wash water, washings from the hands of the operators, 
and swabbings from representative surfaces of equipment used in 
shelling operations. 

The specimens of dry pecans were washed in 50-gram amounts 
with 50 ml. of sterile water and the washings inoculated in decimal 
dilutions into standard lactose broth. Specimens of tempering and 
wash water, washings from the hands of the operators, and swabbings 










*Since this paper was sent to press, a large number of producers have in- 
stalled steam sterilizers to take the place of tempering tanks. 
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of representative surfaces were inoculated into the same media. Some 
indication of the number of organisms present on dry specimens of 
pecans and on the hands of the operators was obtained by the inocu- 
lation of decimaf dilutions of the washings into lactose broth. For a 
similar purpose, swabbings from equipment were dipped consecu- 
tively into four lactose broth tubes. Cultures showing gas after 24 
hours of ineubation at 37°C.(98.6°F.) were streaked on eosin meth- 
ylene blue agar plates. Identification of the members of the colon- 
aerogenes group was carried out according to procedures given in 
Standard Methods of Water Analysis (1936). Over 500 specimens 
were collected and examined in this manner. 


BACTERIOLOGICAL RESULTS 

The results obtained from the examination of the dry specimens 
collected and examined during the 1936 survey were so nearly dupli- 
eated by the results obtained during the 1939 survey that only the 
latter are discussed. All members of the colon-aerogenes group of 
bacteria were demonstrated on the shell stock as they reached the 
shelling plant (Table 1). Escherichia coli, never in numbers greater 
than could be detected in one ml. of washings, was found on un- 
tempered pecans taken from six of 14 plants in which this type of 
specimen was examined. The finding of this organism on the shell 
stock points to this as the first source of pollution that eventually 
may be transferred to the picked meats. Specimens of water used 
for tempering pecans were found highly polluted, Escherichia coli 
being demonstrated in some cases in .0000001 ml. This serious con- 
tamination is apparently caused by infrequent changes of water and 
improper cleaning of the tank itself. Continued tempering of pecans 
in burlap bags in the same tempering water converts the water into 
a culture of bacteria which is transmitted to the pecan meats in sub- 
sequent stages of production. Tempered (dry stock) pecans were 
examined from six plants, and in specimens from five plants Esche- 
richia coli was demonstrated in from .01 to .001 ml. of the washings. 
Examination of the equipment and the hands of the operators yielded 
evidence of pollution (Escherichia coli) in practically every plant. 
The sequence of events which brings about pollution of the pecan 
meats because of the initial contamination of the pecan shell is best 
demonstrated from the results obtained in Plants 14, 15, and 16 
(Table 1). These three plants operate as one concern. The first of 
several stages of production, consisting of grading, tempering, and 
cracking, is carried out in Plant 14. At the conclusion of these pro- 
duetion operations the pecans are transported to Plant 15 where the 
meats are picked out and sorted. The pecan meats are then trans- 
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ported to Plant 16 where the final stages of production, further grad- 
ing, packaging, and fumigating, are accomplished. An examination 
of the results obtained in these three plants shows that untempered 
pecans as they were received in Plant 14 contained Escherichia coli 
deteetuble in one-ml. amounts of washings. The tempering of these 
pecans in foul-smelling, high-count tempering water, containing evi- 
dence of pollution in .001-ml. amounts, resulted in pecans, ready for 
the next step in the operations, polluted to the extent that Escherichia 
coli was present in .001 ml. of the washings. The evidence of this 
pollution was demonstrated on the cracked pecans and containers 
ready for transportation to the next plant. Examination of the speci- 
mens taken in Plant 15 again showed the presence of Escherichia coli 
on the cracked pecans, on two of the three pieces of equipment 
examined, and on the hands of the operators. The contamination was 
carried on into Plant 16 since of eight items examined in this plant 
four were found contaminated with Escherichia coli. 


CHLORINATION AND PRODUCTION EXPERIMENTS 


Experiments were conducted to determine the germicidal effect 
of hypochlorite on pecan shells in the process of tempering. Two 
experiments were carried out using 500 parts per million of chlorine 


and one experiment using 1,000 parts per million. The tempering 
tank, after being thoroughly washed with clean running water, was 
filled with a sufficient amount of fresh water to cover four burlap 
bags of pecans (each bag contained approximately 135 pounds of 
shell pecans). The fresh tempering water was examined for the 
presence of colon-aerogenes bacteria and for the approximate num- 
bers of bacteria per milliliter. The reciprocal of the highest dilution 
in lactose broth showing growth was taken as the number of organisms 
present. 

After a representative number of samples had been taken for 
examination from each of four bags of untempered pecans the bags 
were immersed in the tempering water and allowed to soak for 30 
minutes. The tempering water was examined at the end of 15 and 
30 minutes. At the end of the 30-minute tempering period the four 
bags of pecans were removed and sufficient hypochlorite added to 
obtain 500 or 1,000 parts per million of available chlorine in the tank 
water as the plan for the experiment required. The four bags of 
pecans were then emptied into the chlorinated water and tempering 
was continued for an additional 30 minutes. The chlorinated tank 
water and the tempered pecans were examined at the end of 15- and 
30-minute intervals. The water was tested also for the amount of 
available chlorine at the end of 15 and 30 minutes. 





SPECIMENS 


TOTAL 





18 




















— COL! 
—— AEROGENES 
I.— INTERMEDIATES 


G.— GROUP 
neg.— FOR GROUP 


r 























ee uy< © of Sao hf ae o fo] of 


7 





TABLE 1 





1:10 





1:10 sano JG 


2 
: 
F 
3 
; 
3 
3 
a 
gf 
8 
ig 
é 
5 
3 
E 
: 
; 
F 





11000] G 


A 








INCIDENCE OF COLON-AEROGENES GROUP IN PECAN PRODUCTION (PECAN SURVEY 1939) 


| E100 gap00 
15100 sap00 





1100 |6¢. 1:100 @amj/A = 1:100 
1000/6. —1:100 sageo 

G. 

6 





TYPE OW. | TYPE DIL. | TYPE DIL. COUNT TYRE OR. COUT] TYPE On 
1: 100 la 























MORRIS OSTROLENK AND HENRY WELCH 


The results obtained (Table 2) showed that when pecans are 
tempered for 30 minutes in burlap bags, as is commonly the practice, 
a maximum load of 10 million bacteria per milliliter may be attained 
in the tank water. It should be noted that the fresh water from the 
tank in Plant 2, in spite of a preliminary cleaning of the tank, con- 
tained more than 1,000,000 bacteria per milliliter, no greater dilutions 
having been made. In this heavily contaminated water members of 
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the colon-aerogenes group were demonstrated in .000001 ml. and 
Escherichia coli was demonstrated in .00001 ml. After 30 minutes 
of tempering with 1,000 parts per million of chlorine in the temper- 
ing water the total count was reduced to 10 bacteria per 100 ml. 
and neither colon-aerogenes bacteria nor Escherichia coli could be 
demonstrated in 10-ml. amounts. Five hundred parts per million of 
chlorine under essentially the same conditions reduced the colon- 
aerogenes group of bacteria to 10 per 100 ml. and the total count 
to 10 bacteria per milliliter (Table 2, Plant 10). 

To determine the effect of cleaning and chlorination on the pro- 
duction of pecan meats in actual practice, experiments were carried 
out in Plants 3 and 10. In Plant 3 cleaning and chlorination were 
done by the owner while in Plant 10 cleaning and chlerination were 
carried out under the supervision of the authors. 

In Plant 10 approximately 500 pounds of pecans were tempered 
for 30 minutes in water containing 1,000 parts per million of avail- 
able chlorine. At the end of the tempering period the pecans were 
stored for drainage and drying in a false-bottom steel drum previ- 
ously washed with water containing 200 parts per million of available 


chlorine. All equipment necessary in production operations was 


washed with soap and water and then wiped down with water con- 
taining 200 parts per million of available chlorine. The operators 
engaged in this experiment were instructed to wash their hands 
properly before beginning work. Specimens of pecans, cracked and 
picked under these controlled conditions, were taken for bacterio- 
logical examination. Specimens were taken also at corresponding 
production points in that portion of the plant which had not been 
subjected to the above-mentioned controlled conditions. In like man- 
ner, specimens were taken at the several points in Plant 35. 

An examination of the tempering water in Plant 3 (Table 3) 
showed that 200 parts per million of chlorine instead of the recom- 
mended 1,000 parts per million of chlorine had been used by the 
owner in the tempering process. From the results of the bacterio- 
logical examination of the tempering water it is apparent that the 
treatment of shell pecans with 200 parts per million of chlorine 
materially reduces the number of colon-aerogenes organisms, since 
these organisms were demonstrated in .000001 ml. of the tempering 
water before chlorination and in only .1 ml. following chlorination. 
In spite of this marked reduction in bacterial lead in the tempering 
tank water, in the subsequent stages of production colon-aerogenes 
organisms were demonstrated in .001 ml. which would appear to 
demonstrate the inadequacy of the cleaning carried out in this plant. 
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When 1,000 parts per million of chlorine were used in the 
tempering process, as was done in Plant 10, organisms of the colon- 
aerogenes group were eliminated. The effect of adequate cleaning 
and chlorination is brought out by the fact that in subsequent stages 
of production in Plant 10 colon-aerogenes bacteria were reduced 
from a maximum of 1,000 per ml. to zero except in three specimens. 
In these three, which consisted of washings from tempered pecans, 
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TABLE 3 


from a cracking machine, and from the picked meats of one operator, 
colon-aerogenes organisms were present in 10 ml., .1 ml., and 1 ml. 
amounts respectively. 

SUMMARY AND CONCLUSIONS 


A survey of the pecan shellers in the Georgia and Texas pecan- 


producing areas indicated that certain insanitary practices exist in 
this industry. Unfortunately, pecan meats do not readily lend 
themselves to any simple or economical method of sterilization, and 
because of this, polluted pecan meats ean and do reach the ultimate 
consumer, 
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The results of this investigation indicate that although there are 
objectionable practices existing in the present methods of produc- 
tion, certain inexpensive changes and modifications in handling will 
eliminate the most flagrant sources of pollution. A modification of 
the tempering tank to allow for settling of debris, elimination of 
the use of burlap bags during tempering, and the addition of suffi- 
cient chlorine to attain an available concentration of 1,000 parts 
per million at each tempering will destroy all coliform bacteria on 
the pecan shell which otherwise may be transmitted to the picked 
meats. Although the high concentration of organic matter present 
during the tempering process rapidly depletes the chlorine added, 
neither the taste nor odor of chlorine is detectable on the shelled 
pecan meats. 

The oil content of pecans is such that when picking of pecan meats 
is carried out on wooden-top tables this equipment soon becomes 
soaked with rancid oil and accumulates pollution and filth that are 
later transferred by the operators to the pecan meats. Metal cover- 


ing of all surfaces with which pecans come in contact and daily 
washing and treatment of these surfaces with chlorine will eliminate 
these foci of pollution. Wooden-handled picking knives soon become 
encrusted with oily filth and may be highly polluted. The replace- 


ment of these picking instruments with a one-piece metal picker 
which can, and should be, cleaned and treated with chlorine daily 
will eliminate this source of pollution. Other avenues of pollution 
can be similarly eliminated by the use of all-metal readily cleanable 
containers for holding pecan meats, by abandonment of the practice 
of nesting containers, and by proper supervision of operations and 
plant personnel. 
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AND ENTEROTOXIN PRODUCTION OF STAPHYLOCOCCI 


MILTON SEGALOVE anp G. M. DACK 
Department of Bacteriology and Parasitology, University of Chicago, 
Chicago, Illinois 


(Received for publication, June 7, 1940) 


Staphylococcus food poisoning probably represents the most com- 
mon type of food poisoning in the United States. In order to have a 
better understanding of the control of this poisoning, it is essential 
that we know the conditions under which staphylococci grow and 
elaborate enterotoxin in foods. In this investigation the variables 
studied were time of incubation and temperature. The relative 
rates of growth of staphylococci at various temperatures were also 
determined. Outbreaks indicating time and temperature at which 
incriminated foods were kept were selected from the literature and 
tabulated (Table 1). The incubation periods in these outbreaks in- 
cluded the period from the time the food was prepared to the time 
of consumption. If incomplete reports were made these were also 
included in the table. 


EXPERIMENTAL PROCEDURE AND RESULTS 

Preparation of Enterotoxin: In all experiments Staphylococcus 
aureus, Strain 161, was used. This strain was isolated from an out- 
break of food poisoning reported by Dack, Bowman, and Harger 
(1935). The organisms were grown in Kolle flasks on semisolid veal 
infusion agar in an atmosphere of 20 per cent CO,. The contents of 
the flasks were strained through cheesecloth and centrifuged to re- 
move the agar. The supernatant fluid was used for feeding monkeys. 

Feeding and Intravenous Injections: Present methods of assay- 
ing the enterotoxin produced by certain strains of staphylococci are 
unsatisfactory. Feeding tests with various experimental animals have 
shown that none have the susceptibility of man and also that there 
are great differences of susceptibility even within the same species 
including man. Furthermore, in most susceptible animals, repeated 
feedings result in resistance. ; 

In this laboratory the monkey was used exclusively for all experi- 
ments. Small Macaca mullata, weighing two to four kilos, were fed 
large doses (50 ¢.c.) of enterotoxin by stomach tube. All monkeys 
were tested for susceptibility before using and at various periods 
during the experiment. Animals resistant to the enterotoxin were 
not used. 
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Vomiting was considered the indication of a positive test. The 
first positive result was obtained with cultures incubated for three 
days at room temperature, 20 to 23.5°C. (68 to 75°F.) (Table 2). 
Positive results were also obtained with cultures incubated at 37°C. 
(98.6°F.) for 12 and 24 hours. Negative results were obtained with 
all other feedings. 

Intravenous injections were given to monkeys to detect small 
amounts of enterotoxin which could not be demonstrated by feeding 
experiments. A portion of the supernatant fluid used for feeding was 
filtered through a Berkefeld N filter and the filtrate heated in boiling 
water for 15 to 20 minutes to destroy heat-labile lethal toxin. After 
heating, one ec.c. of this filtrate was injected intravenously into a 
mouse as a control to ascertain that the lethal toxins had been de- 
stroyed before making intravenous injections into monkeys. One 
eubie centimeter per kilogram body weight (approx.) was injected 
intravenously into monkeys as a test dose. 

Positive results as indicated by vomiting were obtained with 
cultures incubated for three days at 18°C.(64.4°F.) and at room 
temperature, 20 to 23.5°C. (Table 2, Part 2). Negative results were 
obtained with cultures grown for three and seven days at 9°C. 
(48.2°F.). 

Plate Counts: To determine the rate of multiplication of our test 
strain of staphylococcus at various temperatures, plate counts were 
made from cultures grown aerobically in broth or under 20 per cent 
CO, on semisolid veal infusion agar. 

A sterile 125-c.c. flask containing 50 ¢.e. of veal infusion broth 
was inoculated with a known number of organisms. Incubation was 
carried out at 37°C.; room temperature, 20 to 23.5°C.; and ice box 
temperature, 4 to 6.7°C. (39.2 to 44°F.). At varying intervals of 
time .1 ¢.c. was drawn from the flask and decimal dilutions made in 
.85 per cent NaCl solution. Pour plates were made with .1 c.c. of 
the various dilutions in veal infusion agar. After 24 hours of incu- 
bation at 37°C. the colonies were counted (Fig. 1). 

Kolle flasks containing semisolid veal infusion agar were inocu- 
lated with a known number of organisms and incubated at room 
temperature, 20 to 23.5°C., and at ice box temperature, 4 to 6.7°C., 
in an atmosphere of 20 per cent CO, in an aluminum pressure cooker. 
3efore incubation one c.c. of saline was poured over the surface of 
the agar to allow better spread of the organisms. At varying inter- 
vals of time, one of the flasks was removed from the cooker and the 
agar surface washed with a known amount of saline to take up the 
organisms. Decimal dilutions were made of the washings and plated 
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Fig. 1. Comparative rates of growth of Staphylococcus aureus at various 
temperatures (aerobic conditions). 
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Fig. 2. Comparative rates of growth of Staphylococcus aureus at various 
temperatures (under 20 per cent COz). 





MILTON SEGALOVE AND G. M. DACK 


in veal infusion agar as described above. Colony counts were made 
after 24 hours of incubation (Fig. 2). 

The number of staphylococci in cultures grown at each tempera- 
ture at varying intervals of time are shown (Figs. 1 and 2). This 
strain of staphylococeus grows well at 37°C. and apparently not at 
all at ice box temperature, 4 to 6.7°C. 


DISCUSSION 

The test strain of staphylococcus incubated at room temperature 
for three days and at 37°C. for 12 hours produced enterotoxin. These 
temperatures and incubation periods were the lowest and shortest, 
respectively, at which enterotoxin could be demonstrated by feeding 
monkeys. By intravenous injection of filtrates, enterotoxin could be 
demonstrated in cultures grown at 18°C.(64.4°F.) for three days. 
Inasmuch as the human is more susceptible than the monkey, it is 
obvious from these results that incubation of food at temperatures 
of 18°C. or above is dangerous. 

The production of enterotoxin by staphylococci is associated with 
good growth of the organisms. An adequate medium for staphylo- 
cocei together with time and temperature are the necessary require- 
ments for an outbreak of this type of food poisoning. Certain foods 
may constitute a selective medium for the growth of staphylococci, 
although in their manufacture care has been taken to control these 
organisms. When such foods reach the retailer or consumer they may 
be kept under conditions of time and temperature favorable for 
staphylococeus-enterotoxin production. Some foods require a long 
period of cooling at the usual temperature of refrigeration in order 
to obtain a temperature throughout which will be effective in pre- 
venting the growth of staphylococci. This is especially true where 
there is considerable bulk to the food in question. These facts may 
account for the shorter incubation periods under which foods had 
been kept in the reported outbreaks (Table 1) than would be indi- 
cated from our experimental results. With the test strain of staphy- 
lococcus, growth was negligible and enterotoxin was not demonstrated 
when a temperature of 4 to 6.7°C. was maintained. 


SUMMARY 
The effect of temperature and time of incubation on the produc- 
tion of enterotoxin by a suitable strain of staphylococcus was stndied. 
Optimum conditions for enterotoxin production were afforded as far 
as medium and CO, requirements were concerned. 
Enterotoxin was demonstrated in a culture grown for three days 
at 18°C. and for 12 hours at 37°C. It was not produced in cultures 
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grown for shorter periods at these temperatures. At 9°C. and 15°C. 
(59°F.) it was not produced in seven and three days, respectively. 
At 4 to 6.7°C. enterotoxin was not formed after a period of four 
weeks of incubation. 

Under the conditions of these experiments enterotoxin production 
was associated with growth of the staphylococcus. 
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OBJECT AND REVIEW OF PREVIOUS WORK 

A report by Daniel and Rutherford (1936) indicates that tomato 
juice packed in tin cans retains its vitamin C much better than that 
packed in glass containers. Their data show that in the case of juice 
packed in tin cans, approximately 11 per cent of the vitamin C was 
destroyed during processing and another 10 per cent was lost during 
a six-month storage period. When juice from the same batch was 
packed in glass jars, 21 per cent was destroyed during processing 
and an additional 24 per cent was lost in the six-month storage 
period in the light and 34 per cent in the dark. 

Hauck (1938) compared the vitamin C content of ‘‘home-packed’’ 
tomato juice in tin cans and in glass jars. She reported a consider- 
ably higher vitamin C retention in the tomato juice packed in tin cans. 

The publication of these reports has cast doubt in the minds of 
many consumers and canners as to the actual retention of vitamins in 
eanned foods. However, earlier investigations by Delf (1924), Hess 
and Unger (1919), Kohman and coworkers (1930, 1933), Clow and 
Marlatt (1930), and Fellers and Isham (1932) have been reported 
which show that the vitamin C content of fruits and vegetables are 
generally well retained after canning and storage. 

Tressler and Curran (1938), in a brief report, noted that vitamin 
C is not lost more rapidly from tomato juice packed in bottles filled 
completely than from juice in cans similarly filled. They found a 
great loss of vitamin C takes place during cooling and storage of 
partially filled bottles of tomato juice. After 40 days’ storage, they 
found little or no loss of vitamin C during further storage of tomato 
juice in either bottles or cans which are completely filled with hot 
juice, 

While the studies by Hanning (1933, 1936) show only small 
losses in vitamin A from sieved vegetables as a result of canning, 
too little work has been earried on with vitamin A to reach definite 
conclusions. 


* Contribution No. 312, Massachusetts Agricultural Experiment Station, 
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Most of the previous research has been on foods packed in tin 
containers. Relatively little has been published on the retention of 
vitamins in glass-packed foods of any kind. It was to help clarify 
this question that the following experiments were carried out. Fel- 
lers (1936) has. summed up the reports on the effect of processing on 
vitamins in fruits and vegetables. Additional information is also to 
be found in Kohman’s (1937) bulletin dealing with the vitamins in 
eanned foods. Similarly, much useful information is given in the 
excellent review by Daniel and Munsell (1937). 


EXPERIMENTAL WORK 

Large experimental packs of tomato juice and puréed peas and 
spinach were made at a cannery under carefully controlled condi- 
tions. Glass containers sealed by the White vapor-vacuum method 
were used. While the main pack was in flint glass, tomato juice 
was also packed in amber glass bottles. Three varieties of peas, 
namely Rogers K, Alderman, and All Cross, were used. The spinach 
was of the Savoy type, and the tomatoes were John Baer variety. 
All were grown in central New York and harvested when prime 
for canning. Samples of each product for vitamin C titration were 
taken just before filling into the containers and again immediately 
after processing. Great care was taken to insure the identity of the 
contents of the several types of containers used in these tests. 

Commercial procedures were followed in sealing and processing 
the jars. After cooling to below 37.8°C.(100°F.), the products were 
eased and shipped to the laboratory for further storage and exami- 
nation. Storage was carried out for 400 days under the following 
conditions: 

1. 1.7 to 4.4°C. (35 to 40°F. )—Cold storage (dark) 
. 21.1 to 26.7°C. (70 to 80°F.)—Room temperature (dark) 
. 21.1 to 26.7°C. (70 to 80°F.)—Room temperature (light) 
5. 33.3°C. (92°F.)—Ineubator (dark). 

The content of vitamins A and C of the samples was determined 
immediately after canning and after stated intervals of time up to 
400 days. Because of the greater difficulty of analysis for vitamin A, 
analyses were not made with as great frequency as for vitamin C. 
The 2,6-dichlorophenol indophenol dye titration method of Bessey 
and King (1933) was used for ascorbie acid (vitamin C). The ex- 
tractions were made with a mixture of trichloracetic and metaphos- 
phorie acids. 

RESULTS 

In general, there were only small differences in the degree of 

retention of vitamin C in the several products canned. Apparently 
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temperature of storage affects vitamin C retention in canned foods. 
There is also some indication that strong light is also a minor factor 
to be considered in the extended storage or display of canned foods. 
In general, the quality of all the foods packed was injured by high 
storage temperatures. In every case the foods stored at 2.2°C. 
(36°F.) were superior in flavor and color to those held at 21.1 or 
32.2°C. (70 or 90°F.). The bottled tomato juice was still of good 
flavor and color after more than a year’s storage close to west 
windows. 

In general, the greatest losses occurred during the first 60 days 
of storage. Relatively little loss occurred after six months. Appar- 
ently oxygen loss from the food and decrease in ascorbic acid content 
go hand in hand. Oxygen disappearance in these foods was complete 
in from 20 to 60 days, depending on the storage temperature. 

The percentage retention of vitamin C after storage under vari- 
ous conditions of light and temperature for six and 12 months is 
shown (Table 1). The average loss for the 11 different glass packs 
during a 12-month storage period at 70°F. was 18.5 per cent. The 
effect of temperature of storage is shown by the following average 
values : 

Glass at 90°F. for a year—79.3% retention 
Glass at 70°F. for a year—81.5% retention 
Glass at 36°F. for a year—97.6% retention. 

Where direct comparisons are possible, the food in glass contain- 
ers stored in the light for a year retained an average of 79.2 per 
cent of the vitamin C originally present; for comparable samples 
stored in the dark, the average retention was 84.5 per cent. That is, 
the light effeet was not marked even after such extended storage. It 
seems likely that in the usual shelf life of a few weeks, the light 
effect would be negligible. Additional work is being carried out on 
this point. Esselen and Barnby (1939) have shown by measure- 
ments with an exposure meter that the subdued light in food stores 
is in no wise comparable in its effect to direct sunlight. In a shelf 
life of a few weeks, or even months, foods are but little affected by 
light. Recent unpublished results of Newman, Fitzpatrick, and Fel- 
lers (1940) show that light simply accelerates or catalyzes oxidative 
reactions resulting in the destruction of vitamin C in foods. By itself 
light is without effect. That is, the total loss of vitamin C is not in- 
creased by the action of light. There were no marked differences in 
flavor between the three varieties of peas packed in glass containers. 

In addition to the data (Tables 1 and 2), a number of samples 
of tomato juice in pint flint glass bottles and in one-quart milk 
hottles were packed at another cannery. Crown eaps were used for 
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sealing. After 165 days’ storage at 70°F., the average losses in 
vitamin C content were, respectively, 7.4 and 11.2 per cent for pint 
and quart containers. The respective headspaces were approximately 
18 and 30 cubic centimeters. 


VITAMIN A (CAROTENE) STUDIES 


Paralleling the vitamin C experiments, carotene (vitamin A) de- 
terminations were also made (1) 48 hours after canning, (2) after 
180 days’ storage, and (3) after 400 days’ storage at room tempera- 
ture of 70 to 80°F. in diffused light. 

The carotene was determined by the modified method of Russell, 


Taylor, and Chichester (1935) as described by DeFelice and Fellers 


TABLE 1 
Retention of Vitamin C in Glass-Packed Foods During Storage 
For Six to Twelve Months 








Retention of 
vitamin C 
after storage for 


Storage 
Product conditions 





6 months | 12 months 





pet. ql pet. 
BT CrOO® POAS.....00serscercosssees 86 83 


PN I a osivcecstsocioncapevccsscseetoncscnvoesine’ Dark 93 91 
RN NR I ii ceiissessesececscvoccsencetervsniviccecind Dark 88 
All Cross peas.. Dark 89 
Be oie ccssiccsniccscesssssicvsinevinwnierecl Dark 98 


Alderman peas.......... —_ Light 
PIII DO gv cscsitsnsnscnecincenvetcswnpvesecetennesins Dark 
PIE IN gia asic cacccunascctnncvesceveneasneieissiccon ¢ Dark 
PO WI oi sacswiseseccdcntiraseccotrsiensavisoienses Dark 


i acces catnrascocasnentanesavcneoiacaneie Light 
Rogers K peas od Dark 
BD Te Is osvcscsucsnicccinciaencvibabnciosoncsicben Dark 
I IE IR i sesssccvzcdapsmsntsonansunvassicacsvoeea Dark 


Spinach Dark 


Tomato juice, flint glass. 7 Light 
Tomato juice, Mint WIAW.......ccccccccccccsccccceces Dark 
Tomato juice, amber glasB................ccccccee 0 Light 
Tomato juice, amber glass 70 Dark 

















1Glass jar purposely slack-filled. 
Average vitamin C values of products when packed in terms of milligrams of ascorbic 
acid per 100 grams: 
NTI ios scstaitiacaienescpnatainiacinnbntedentibaliihbdiasitnabanniaiaaliaibndeueieuiiiie 13.7 
Alderman peas 5 
Rogers K peas. 
Spinach wise 
III ss oncan asebictaiscdicdauimenaderencoienpsemabsbtadeesernbesseamennniidiegeiaan 21.6 
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(1938). The well-mixed contents of three containers were used for 
analysis; the essential data are reported (Table 2). In general, the 
loss of vitamin A during storage in glass-packed vegetables and 
tomato juice is relatively small, averaging for all products after six 
months seven per cent, and after 400 days approximately 16 per 
cent. In a single series of samples the use of amber glass for tomato 
juice resulted in a small gain in the retention of vitamin A. Since 
most canned foods remain in the ease until a short time before being 
placed on the grocers’ shelves, light exposure, even in clear glass, 
is usually limited. No reason could be found to explain satisfactorily 
the greater loss in vitamin A from Rogers K peas than from either 


TABLE 2 


Retention of Vitamin A (Carotene) in Glass-Packed Foods During 
Storage for 180 and 400 Days’ 








} Retention of vitamin A? 
Product and type of | after storage for 
glass container —-—_—_____—_— ——— 
180 days | 400 days 


pet. 
Spinach, sieved; flint 92 
Carrots, sieved; flint.. = 93 
Tomato juice, amber 100 
Tomato juice, flint 85 
Alderman peas, sieved; flint 95 
Rogers K peas, sieved; flint 88 
All Cross peas, sieved; flint 95 


1 Storage on shelves from three to eight feet from windows with west exposure at room 
temperature (heated in winter). Samples circulated from time to time. ? Average carotene 
contents of the foods when packed, in terms of micrograms (7) per gram, are spinach, 720; 
carrots, 355; tomato juice, 125; Alderman peas, 360; Rogers K peas, 395; and All Cross 
peas, 420. 





Alderman or All Cross varieties. The losses suffered by the sieved 
spinach and carrots were of approximately the same magnitude, i.e., 
15 per cent after more than 12 months’ storage at 70°F. Unlike the 
vitamin C results, the loss of vitamin A from all the samples was 
more gradual, the loss being approximately proportional to the length 
of storage. 

The conclusion to be drawn from these experiments is that there 
is a small but significant loss of vitamin A in canned peas, spinach, 
and tomato juice when held under rather adverse storage conditions. 


SUMMARY AND CONCLUSION 

Strained peas (three varieties), spinach, and tomato juice packed 

in glass containers and stored for a year at room temperatures lose 
only 10 to 25 per cent of their vitamin C content. Very little loss 
occurs after the first two or three months in storage. Less than a 
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five-per cent loss was found in vitamin C in glass-packed foods stored 
for a year at 36°F. The loss at 90°F. averaged approximately 21 
per cent. While not so marked, storage in light hastened the reduc- 
tion in the vitamin C content of glass-packed foods, but did not 
affect the total loss. The peas, spinach, and tomato juice after a 
year’s storage under adverse conditions still retained most of their 
original flavor and attractive color. Foods held at 36°F. were notice- 
ably superior in flavor to those stored at room temperature. Glass- 
packed strained spinach, carrots, peas (three varieties), and tomato 
juice retained approximately 85 per cent of their original vitamin A 
(carotene) content after storage in subdued light for a year. Amber 
glass had some protective value in retaining the vitamin A content 
of tomato juice. 

Peas, spinach, and tomato juice, when packed in glass containers 
and as purchased on the market, can be relied upon to contain sub- 
stantial amounts of vitamin C and vitamin A as only relatively minor 
losses occur during long storage. 
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The finding that the plant pigment carotene is a precursor of 
vitamin A suggested the use of carotene analysis of plant food as 
a means of predicting their vitamin A value. The introduction of 
a rapid chemical method for the quantitative determination of caro- 
tene by Guilbert (1934) has given impetus to this method and now 
it is a common procedure to grade and sell commercial foodstuffs 
the prime contribution of which is vitamin A, on the basis of their 
carotene content. One inaccuracy of this method, which has been 
frequently pointed out, lies in the fact that in the usual method of 
carotene analysis several carotenoid pigments are extracted, such 
as alpha, beta, and gamma carotene and ecryptoxanthin, which have 


been shown to be precursors of vitamin A but which vary in quan- 
titative relation to this vitamin. Obviously, therefore, variations in 
proportions of these petroleum ether-soluble pigments which might 
be expected to occur in different plant foods would result in vari- 
ations in their vitamin A value which would not be revealed by the 
nonselective method of carotene extraction in common use. 


EXPERIMENTAL PROCEDURE 


In the course of experiments conducted in the Arizona nutrition 
laboratory for the purpose of comparing the vitamin A value of 
dark orange-colored carrots with the light-colored carrots which 
often appear on the market, greater discrepancies in vitamin A value 
as determined by bio-assay and as predicted from carotene analyses 
have, however, been encountered than could possibly be accounted 
for by existing differences in proportion of the known precursors of 
vitamin A. 

Using the Peterson-Hughes modification (1937) of the Guilbert 
(1934) method for carotene analysis, many samples of carrots have 
been analyzed and a wide range in carotene content has been encoun- 
tered in carrots with obviously different intensities of pigmentation. 


* Reported in part before the Pacifie Science Congress in July, 1939. 
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TABLE 1 


Variation in Carotene Content of Mature Carrots With Different 
Color Intensities 








Carotene content (mg./gm.) 





Carrot No. 1 Carrot No. 2 Carrot No. 3 Carrot No. 4 


Color 
description 





Sample Sample Sample Sample 





A A B B A B 


Very deep .1707 1157 -1037 | .1410 | .1426 
orange | Av. AT Av. .0996 .1418 





.1134 
-1145 


Medium | .0612 0566 
orange | Av. d Av. 


.0566 
-0566 


.0714 

.0704 

.0394 .0296 
Av. J § Av. 


0294 


0295 


Orange 


.0084 
.0076 


Very pale 
orange Av. 























.0109 Av. 








TABLE 2 


Preliminary Vitamin A Bio-Assays of Pale and Deep-Colored Carrots 








Amount of 


Carrot 


Approximate 
carotene 
content 


carrot fed 
daily for 
eight weeks 


Findings 








mg./gm, mg. 
.1418 10 6 out of 11 died before end of experi- 


mental period. 


Deep- 
colored 
earrots 


15 Average gain in weight = 35 gms. 


Average gain in weight = 62 gms. 





Pale- 


colored 


.0120 All died before end of test period. 


7 out of 10 died before end of test 


earrots ; 
period. 


Average gain in weight 24 gms. 


Average gain in weight = 44 gms. 





Average gain in weight = 93 gms. 
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Carrots which appeared darkly pigmented to the naked eye ranged 
in carotene content from approximately 100 to 170 micrograms per 
gram and medium orange-colored carrots contained from 56 to 70 
micrograms per gram (Table 1). On the other hand, carrots which 
appeared rather pale in color contained from 20 to 31 micrograms 
of carotene per gram of carrot, and very light-colored carrots con- 
tained only 7 to 12 micrograms of carotene per gram of carrot. 

Results of vitamin assays, using the Sherman technique (1928) 
of two specimens of carrots with different intensities of pigmenta- 
tion, are presented (Table 2). It is evident the vitamin A value of 
the light and dark carrots, as shown by these preliminary feeding 
tests, was not quantitatively proportional to their carotene content. 
Although more than ten times as much of the carotene pigment was 
extracted from the deeper colored carrot specimen, bio-assay tests 
indicated little more than twice the vitamin A value. 


TABLE 3 
Variation in Carotene Content With Length of Carrot 











Length in inches 








Micrograms of carotene 
per gram of carrot 





Subsequent to these findings many carrots have been analyzed with 
the view of gaining information which might lead to an explanation 
of the observed discrepancy between their carotene content and their 
growth-promoting value, and the following observations have been 
made. First, the carotene content increases (and the xanthophyl 
decreases) in the carrot as it matures. Carrots from the same plot 
showed an increase in carotene content with length (Table 3). 

Second, it was apparent that the carotene content varied in dif- 
ferent portions of the same root. The same carrot sampled one inch 
from the root end showed a petroleum ether-soluble pigment content 
of 30 micrograms per gram, whereas more than twice as much ¢aro- 
tene was extracted from a sample taken one inch from the stem end 
of the earrot. 

Third, changes in carotene content during storage of carrots in 
the refrigerator at 4.4°C.(40°F.) were observed. One carrot stored 
from January to April increased in carotene content from 66 to 102 
micrograms per gram, and another more than doubled in petroleum 
ether-soluble pigment during storage {48 to 98 mg.) for a two-month 
period. Thus, a light-colored carrot became a medium-colored carrot, 
and a carrot with medium intensity of pigmentation became much 
deeper in color after storage in a refrigerator during a period equal 
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in length to the eight-week experimental period of the bio-assay test 
for vitamin A. 

It seems likely therefore that variations in carotene such as may 
occur in a single plant food with maturity, sampling, variable colora- 
tion, and storage, would at least be partially responsible for irregu- 
larities in bio-assay tests and discrepancies between chemical and 
bio-assay means of judging vitamin A values. 

In a second series of experiments designed to gain further infor- 
mation on the reliability of carotene analysis as determined by the 
Guilbert method as a basis for prediction of vitamin A values, a 
different procedure was developed which eliminated the long test- 
feeding period of the Sherman vitamin A bio-assay technique. The 
method developed was based upon a determination of the amount 
of vitamin A in the livers of rats fed equivalent amounts of carotene 
derived from different sources. A measure was thus made of the 
availability for conversion into vitamin A and subsequent storage in 
the liver of carotene fed in excess of the daily requirement. 

Preliminary tests were conducted to determine roughly how much 
carotene must be fed before a measureable storage in the livers of 
rats, whose vitamin A reserves had been previously depleted, could 
be observed in a short feeding period. After much experimentation, 
the following procedure was adopted. Rats depleted of their vitamin 
A reserves by subsistence upon a vitamin A-free ration, according to 
the usual technique and judged by the usual criteria, were given 
over a period of four days a total supplemental feeding of .3 or .6 
mg. of carotene (i.e., 500 or 1,000 international units of vitamin A 
if assumed to be all beta carotene). On the sixth day the rats were 
killed, weighed, and their livers were removed and prepared for 
determination of their vitamin A content by the Carr-Price anti- 
mony trichloride color reaction using the Lovibond tintometer and 
following the technique previously used in this laboratory by Brad- 
field and Smith (1938). It had been noted that lesser amounts of 
pure beta carotene either produced no reserves or resulted in smaller 
reserves which were more difficult to measure and therefore gave 
more irregular results. Again, it was impractical to feed higher 
amounts, for the rats could not consume the carotene equivalent 
when fed in the form of a bulky fruit or vegetable. 

In this way a comparison was made of the vitamin A stores in 
the livers of litter-mate rats receiving equivalent doses of carotene 
from different sources including pure beta carotene in oil and various 
food plant carriers of carotene. 

From the results expressed in terms of Carr-Price blue units of 
vitamin A (Table 4) it may be seen that a wide variation occurred 
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in the amount of vitamin A stored in the livers of rats receiving 
supposedly equivalent feedings of carotene. Livers of rats fed .6 mg. 
of earotene from the green foods, spinach, endive, water cress, broc- 
coli, and asparagus showed blue unit values ranging from 34 to 48 


TABLE 4 
Lovibond Blue Unit Values of Livers of Rats Fed Equivalent Amounts of 
Carotene From Different Sources 





| Average 
Source of Amount of Number number of 


2 | . 
carotene t Pe ogy da m of rats used blue units 
ed in 4 days in liver 





mg. 
Beta carotene 0.075 
in cottonseed 0.15 
oil 0.3 

0.6 


Pumpkin 0.6 
(cooked) 13 
1.8 


Carrots 
(cooked) 


Yams (raw) 
Apricots 
(canned) 
Spinach 
(canned ) 
Water cress 
(cooked ) 
Endive 
(cooked ) 


Broccoli 
(canned) 


Asparagus 


1 Results less regular. 





as compared with an average of 57 blue units in the livers of rats 
fed an equivalent amount of carotene as pure beta carotene. On the 
other hand, the livers of rats supposedly fed the same amount of 
carotene from such yellow plant foods as carrots, yams, pumpkin, 
and apricots were much lower in vitamin A content, ranging from 
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9 to 13 blue units. It may be noted, also, that the feeding of greater 
amounts of carotene in the form of carrots and pumpkin (1.2, 1.8, 
2.4, and 3 mg.) resulted in proportionally greater storage. It re- 
quired, however, six times as much carotene as derived from pump- 
kin or carrots to give approximately the same liver storage of vitamin 
A as that resulting from the feeding of pure beta carotene. It would 
appear from these results, therefore, that there is a difference in the 
efficiency of utilization for storage of the carotene from different 
plant foods. Certainly the rats deriving their carotene from plant 
sources had lower vitamin A reserves in the liver. 

A difference in the growth-promoting value of green and yellow 
foods fed on the basis of equivalency in carotene content to vitamin 


TABLE 5 
Comparative Growth Responses of Vitamin A-Deficient Rats Fed Equivalent 
Amounts of Carotene From Spinach and Pumpkin 








4.2 micrograms daily * 





2.52 micrograms daily ! | 





Source of carotene | ee | 8 weeks’ — | 8 weeks’ 

— an ee od gain in 

. weight j; Of rev weight 
| gm. | gm. 
I aia arictscciscctceeecenk 6 | 76 | 3 102 
TEC, GOO BU iaiinccccsscescscccsscnsscnseses 9 | 81 7 95 
PUmEIN, 1OG.58: GM.......ccccvcccossssesese 10 | 38 | 7 65 





1 Equivalent to 3 Sherman units of vitamin A. *Equivalent to 5 Sherman units of 
vitamin A. 


A-deficient rats was also noted in a limited number of tests. Follow- 
ing the Sherman bio-assay technique (1938) canned pumpkin and 
canned spinach were compared as to their ability to induce growth 
in litter-mate rats which had been depleted of their reserves of 
vitamin A. Supplements of these foods containing the carotene 
equivalent of three and five Sherman units of vitamin A were fed 
daily for an eight-week experimental period. These higher levels of 
supplementation were selected hoping that variation in liver reserves 
might also be measurable. In order to reduce errors owing to varia- 
tions in the carotene content of foods tested, the total eight weeks’ 
supplement of each food for each rat was weighed out at the be- 
ginning of the test period and kept frozen during the time of the 
experiment. Control rats from each litter were fed equivalent 
amounts of a standard beta carotene solution in oil. 

The data presented (Table 5) show that the rats fed spinach 
as a source of vitamin A in its precursor form gained appreciably 
more than did their litter-mates which were fed an equal amount of 
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carotene in the form of the canned pumpkin. This difference in 
ability to induce growth in vitamin A-deficient rats was observed 
at both levels of feeding. When these animals were killed, no vitamin 
A, as tested by the Carr-Price reaction, was found in their livers. 

It is possible that several factors may have influenced these 
findings. In the first place, there is no doubt a variation in the 
proportion of the precursors of vitamin A, such as perhaps a 
eryptoxanthin as has been reported for yellow corn. It may be also 
that the yellow plant foods studied herein contain yellow pigments 
which have no vitamin A value and yet are extracted by petroleum 
ether but are not soluble in methyl aleohol. The Wisconsin labora- 
tory, Hegsted, Porter, and Peterson (1939), has also recently re- 
ported that the Peterson-Hughes modification of the Guilbert method 
for extraction of carotene from silage gives erroneous results. Again, 
Kemmerer and Fraps (1938), in their study of the digestibility of 
carotene, have extracted yellow pigments from fecal matter, by the 
usual procedure for carotene extraction, which have no vitamin A 
value. 

It seems logical also that a difference in digestibility of the caro- 
tene from different sources may exist, resulting in a lower avail- 
ability in certain cases. Whatever the explanation, it is quite evident 
that there are several factors which need to be considered further 
and that analyses of plant foods for their carotene content as made 
by the accepted procedures in use at this time cannot be considered 
a reliable procedure for an accurate picture of their physiological 
value as a source of vitamin A. 


SUMMARY AND CONCLUSIONS 

Certain observations bearing on the reliability of carotene analy- 
sis as a means of predicting the vitamin A value of plant foods have 
been made as follows: 

Using the Sherman bio-assay technique, deeply pigmented car- 
rots containing 140 micrograms per gram were found to have little 
more than twice the vitamin A value of pale orange carrots, which 
contained less than one-tenth as much carotene by analysis. 

The carotene content of carrots as measured by the Peterson- 
Hughes modification of the Guilbert method was found to vary with 
such factors as color, length, age, portion of the root sampled, and 
time of storage, in the range of seven to 170 micrograms per gram. 

The observed discrepancy between the vitamin A value of carrots 
as predicted from carotene analysis and as determined by bio-assay 
may perhaps be partially explained by variations and errors in 
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sampling which are difficult to avoid in the eight-week test period 
employed in the bio-assay. 

A wide variation in the efficiency of utilization of carotene from 
different plant sources for the purpose of storage in the liver has 
resulted from the feeding of equivalent amounts of carotene from 
the following foods: apricots, asparagus, broccoli, carrots, endive, 
pumpkin, spinach, water cress, yams, and pure beta carotene. The 
yellow foods are especially inefficient in promoting vitamin A re- 
serves in proportion to their carotene content. 
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Isolation of a flavone glucoside complex from lemon juice and 
later from lemon peel, was announced by Szent-Gyérgyi in 1936. 
He named it citrin. He and his associates found that it counteracted 
capillary permeability, which did not respond to the administration 
of crystalline ascorbic acid, and provisionally they termed it vitamin 
P (Permeabilitaetsfaktor). Similarly, they reported more consistent 
results in treating vascular purpura with crude paprika extracts, 


TABLE 1 
Summary of Clinical Research on Vitamin P Preparations 

















Author Syndrome Cases Results 
ED vaicesvicectrsctsecsnsscncedshotarciel | Hemorrhagic nephritis 5 Positive 
TR TO ashi scisccsncscinsniverscnenivowsss Haemoptysis 1 Positive 
TE Dt iis cstoenccstcsteicanscidloncenionss | Uleerative colitis 1 Positive 
SL a IO Schoenlein-Henoch purpura 1 Positive 
POINTES CII cvccceiccccnctssesesescscnese Thrombopenic purpura 1 | Negative 
Margitay-Becht (1938)...........s000+8 Chronic nephritis + | 3 positive 
ERD Se sitiicinconcticseserssssrinasoinensess | Vaseular purpura ? | Positive 
Searborough and Stewart (1938)... Petechial hemorrhages | 6 Positive 
NE FD sicraaccsciteiecsnncasnconcctone Hemorrhagic nephritis | 7 | Negative 
PRON To vsccnnsvececcsceesssciscteperscenl Hemorrhagic diatheses 3 | Positive 





containing the flavone mixture, than with ascorbic acid. Zacho 
(1939) prepared citrin from rose hips by the Szent-Gyérgyi method 
and found that it inereased capillary resistance in guinea pigs 
whereas ascorbic acid alone was ineffective. Clinical investigators 
using Szent-Gyérgyi’s citrin preparation reported successful treat- 
ment of vascular hemorrhagic diatheses, non-tubercular hemoptyses, 
hemorrhagic nephritis, hematochromatoses, and polyarthritis, as well 
as capillary disturbances associated with certain infections and me- 
dicinals, such as bismuth and arsenic (Table 1). 

The arbitrary dosage used in clinical studies by Szent-Gyérgyi 
was approximately 50 milligrams per day by intravenous injection 
of purified material. Higher dosage naturally suggests itself for 
peroral administration. Highly purified citrin or vitamin P prep- 
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arations are as yet unavailable for general clinical use in the United 
States. 

For this reason the authors have developed a simple method for 
extracting citrin from the whole fresh lemon which is suitable for 
peroral medication in hemorrhagic diatheses. This crude aqueous 
extract contains some ascorbie acid (about .25 mg. per ¢.c. or .36 mg. 
per gram of whole lemon) and is therefore designed primarily for 
clinical use rather than for research.' A crude aqueous extract of 


OH OH 
OCH; HO OH 


I 
0 


HESPERIDIN ERIODICTIOL 


Fig. 1. 


lemon peel, prepared in almost the identical manner which the 
authors employ, had been utilized by Maglieri (1882) and Aitken 
(1884) in the treatment of malarial splenomegaly and as antipyretic 
surrogates for quinine. Aitken ascribed the therapeutic value to 
‘‘the alkaloidal principles, hesperidine and limonine,’’ as yet ‘‘quite 
unknown to medicine.”’ 

Robeznieks (1938) states that citrin, or crude vitamin P prepara- 
tions, contain hesperidin, eriodictiol, and possibly a quercitrin-like 
flavone. Bruckner and Szent-Gyérgyi (1936) postulate formation of 
eriodictiol in the lemon peel by demethylation of hesperidin on ripen- 
ing of the fruit (Fig. 1) since they found more eriodictiol in the 
mature than in the immature lemon. They also state that the great 
reactivity and color reaction of citrin are due to the eriodictiol glu- 
coside, but that both glucosides are but two forms of the same fla- 
vanone. Hesperidin is only slightly soluble in water at the pH of 
lemon juice. Eriodictiol, however, is completely water soluble. Melt- 
ing points reported for hesperidin vary widely, Bruckner and Szent- 
Gyorgyi (1936) recording 261°C. (501.5°F.); while Searborough 
(1939) reports 255 to 256°C. (491 to 493°F.), and Wilson and 
DeEds (1940) give the decomposition point of a highly purified 


1 Since submitting this paper, Dr. Arthur E. Goldfarb of the Department of 
Dermatology, New York University, College of Medicine, and Bellevue Hospital, 
in a personal communication to the authors, has reported the successful use of the 
citrin lemonade in the treatment of 19 out of 22 cases of psoriasis. 
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hesperidin as 251°C.(483.5°F.). Since Scarborough has reported a 
capillary fragility counteracting effect for hesperidin administered 
perorally in doses of 500 milligrams to one gram as compared with 
the 50-milligram doses given intravenously in the cases treated with 
Szent-Gyorgyi’s citrin, studies have been initiated to determine the 
manner in which hesperidin might be utilized by the tissues, its 
possible metabolic demthylation to eriodictiol, and thus to explore 
Szent-Gyérgyi’s postulate for the necessity of the presence of the 
eriodictiol fraction of citrin for its specific physiological effect on the 
capillaries. 

Three chemical reactions characteristic for flavones and more 
specifically for citrin are given by St. Huszak (1937): 


1. The cyanidin reaction in which a rose-red color develops in 
aleoholic solutions of citrin with hydrochloric acid and mag- 
nesium ribbon. 


The alkali test in which a blood-red color develops in aqueous 
solution by heating the citrin with concentrated sodium or 
potassium hydroxide. 


3. The ferric chloride test in which a green color develops in 
aleoholic solutions with dilute ferric chloride solution. 


Wilson (1939) of the California Fruit Growers Exchange Re- 
search Laboratory at Corona, California, has described another test 
involving the development of a brilliant yellow color with boric acid 
in acetone and citric acid. This method requires air-dry material. 

The ecyanidin and ferric chloride tests are characteristic of all 
flavones. We have found the red-alkali color more adap‘able to 
quantitative measurements of citrin, its intensity increasing with 
concentration and purification of citrin preparations made by Szent- 
Gyoérgyi’s method. We found that this red color compares with that 
of .05 N.Iodine and have standardized it colorimetrically against 
highly purified citrin solutions. The red to yellow color of .05 N 
Iodine, however, does not match well over the entire colorimeter 
range and it was found desirable to set the iodine at 15 millimeters. 
The iodine was first standardized against a citrin solution prepared 
by Szent-Gyoérgyi for intravenous injection and labelled as contain- 
ing 55 milligrams per 2.2 ¢.c. ampoule, and second, against a citrin 
powder prepared by Wilson according to the original Szent-Gydrgyi 
method. Solutions were made of each preparation to contain one 
milligram per cubic centimeter. 

We have standardized the alkali test as follows: 


To five cubie centimeters of extract are added .4 c.c. of a 25-per cent KOH 
solution (final concentration of approximately two per cent KOH),. Citrin con- 
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centrates are heated on a boiling-water bath for two minutes or ten minutes for 
the crude extract in order to develop the maximum red color. 


STANDARDIZATION OF IODINE 


Nine determinations of ten readings each gave the following 
iodine standardization values: 








Average of 
Citrin material Concentration colorimeter ! equivalent 


readings factor 
1 








Wilson powder 17.8 1.19 
21.6 1.44 


Szent-Gyoérgyi solution 


1 mg./c.e. 





105 N Iodine at 15 mm. 


The two preparations, made in two different laboratories by the 
same method, show remarkably good agreement, particularly since 
Szent-Gyoérgyi caleulated the amount of citrin present (55 mg. per 
2.2 ec. ampoule) by colorimetric comparison with hesperidin as a 
standard in the cyanidin reaction, whereas Wilson’s material had 
been brought down to a virtually hesperidin-free dry powder. In 
our caleulations we have used Wilson’s material as a standard, using 
1.19 as a factor, because it is based on the weight of dry material. 

In the preparation of our crude extract we have employed the 
following method: 

The whole lemon is sliced in transverse sections approximately one half (.5) 
centimeter thick, covered with water, heated to boiling, and boiled for 10 minutes. 
The solution is strained and made up to volume. It may be sweetened or other- 
wise flavored for greater palatability, as the taste is quite bitter. An alternative 
method is the extraction of the juice and subsequent grinding of the peel in a 
food chopper and extracting as above. 


Determination of the extracted citrin in the crude preparation 
was made by treating an aliquot of the extract with KOH and com- 
paring the red color developed with that of the .05 N Iodine previ- 
ously standardized against the Wilson material. If desirable, the 
pectin can be precipitated with alcohol prior to the determination. 

Thus far we have tested 11 crude extracts from varying amounts 
of fresh lemons and in various concentrations as given (Table 2). 
Based on our data, an average of 1.77 milligrams per gram of whole 
lemon is obtained. 

The total yield figures given by Szent-Gyérgyi (1938) in his con- 
centration process were .65 mg. per gm. of whole lemon or .93 mg. 
per gm. of peel. The yield figures of Wilson are 1.4 mg. per gm. of 
peel (personal communication ). 

Borie acid tests and alkali tests were found by Wilson to yield 
identical values on the crude extracts after drying to allow the boric 
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test to be applied; however, Wilson points out that two different color 
reactive substances may be involved which parallel each other in the 
extraction process. 

R. H. Higby, of the California Fruit Growers Exchange Research 
Laboratory at Ontario, Calif., has reported the successful isolation of 
eriodictiol, in crystalline form, from lemon citrin, and its identifica- 
tion by melting point and mixed melting point determinations. This 
yields an intense red color with alkali. (Personal communication. ) 


TABLE 2 
Estimation of Citrin in Crude Extract 








7 —" Colorimeter r 
Whole lemon Dilution mec 1 Extract Whole lemon 








gm, c.c, mg./c.e. mg./gm. 
347.5 500 24.3 1.44 2.06 
383.5 500 18.9 1.85 2.40 
384.5 500 19.8 1.75 2.27 
202.0 500 35.6 65 1.61 
222.5 500 39.6 9 1.32 


237.5 500 27.2 85 1.80 


118.0 200 38.9 1 1.89 
122.5 200 38.2 13 1.85 
144.5 200 31.5 .08 1.49 


138.0 150 27. . 1.40 
142.0 27. ‘ 1.38 














Average 1.77 


1Todine standard at 15 mm. Each reading is an average of 10 observations. 





SUMMARY 


A simple aqueous extraction of the whole lemon, suitable for 
peroral administration, can be made to yield a citrin solution of 
approximately 1.75 milligrams per gram of whole lemon. 

A colorimetric method employing .05 N Iodine as a standard has 
been developed to measure the amount of citrin in solution, when 
no pure citrin or vitamin P is available. 
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Fresh crabmeat is a food product of unusual interest to the 
sanitarian, for few other foods which are often consumed without 
cooking are subjected to such intimate handling by man. The detailed 
manipulation by the hands of the workers, together with the source 
of crabs and the fact that the meat is commonly stored or shipped 
in perforated cans, suggests the strong possibility of contamination 
with organisms of sanitary significance. For this reason considerable 
attention has been given to the detection of coliform organisms in 
crabmeat. The presence of this group in crabmeat is believed to in- 
dicate faulty or careless methods of production. At the present time, 
the presence of fecal Escherichia coli in crabmeat in interstate com- 
merce is the basis for condemnation and seizure by the United 
States Government. 

Although much emphasis has been placed upon the bacteriologi- 
cal examination of crabmeat as a means to determine its sanitary 
quality, there is little literature on the bacterial content of fresh 
crabmeat and the factors which influence it. Hunter (1934) dis- 
cussed the possibilities of contamination of crabmeat and described 
the method of bacteriological examination employed by the Food and 
Drug Administration. Experiments on the removal of coliform or- 
ganisms from live crabs in purification tanks were reported by Nick- 
erson, Fitzgerald, and Messer (1939). This paper is a report of 
investigations to determine the sources of bacterial contamination of 
southern crabmeat, with particular emphasis on the Escherichia- 
Aerobacter group of organisms. 


HANDLING OF CRABMEAT IN PACKING PLANT 

A brief description of the procedure in the crabmeat plant used 
in this investigation is given to facilitate understanding of the sani- 
tary problems in the crabmeat industry. 

The crabs are brought alive to the plant in fiber baskets, without 
ice, and covered with Spanish moss. The live crabs are put into 
large steel retort baskets, weighed, and washed with running water 
for about five minutes. The baskets are then placed in retorts and 
steamed for about eight minutes at 15 pounds pressure at 121°C. 
(249.8°F.). The crabs are removed from the retort, cooled, again 


157 





158 LEONARD C. TOBIN AND C. S. MC CLESKEY 


washed in tap water, then the meat is removed by the pickers. The 
meat is placed in collanders, dipped in an iced four- to five-per cent 
salt brine, then spread out on a drain tray, and the shell fragments 
are picked out. The brine dip is omitted in some plants. Finally 
the meat is pressed between the hands to remove excess brine, and 
packed by hand into tin cans with loose-fitting tops and perforated 
bottoms. The cans of meat are put in barrels with crushed ice for 
storage or shipment. 


TABLE 1 
Incidence of Members of the Escherichia-Aerobacter Group 
in Fresh Crabmeat 








| Escherichia- | Inter- EB. coli 
Sample Total Aerobacter mediate M.P.N. 
number count group group per gram 
0 
24.4 
0 
24.4 
3.9 
0.51 
0 
0.51 
0 
0.88 
a 
0 
0.88 
24.0 
2.0 
0 
0.51 
24.4 
12 
3.94 
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17 2,010,006 
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19 450,000 
20 | 340,000 
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Although crabmeat packing plants operate under their state sani- 
tary code, are frequently visited by state inspectors, and reasonable 
care seems to be exercised in maintaining sanitary conditions in the 
plants, considerable losses are suffered by shippers owing to confis- 
cations by the government of meat found to contain fecal E. coli. 


EXPERIMENTAL PROCEDURE 
In order to determine the bacterial condition of crabmeat, and 
especially the incidence of E. coli, a large number of samples of 
crabmeat were examined by the following method. Ten grams of 
meat were ground in a sterile mortar and added to 90 c.c. of sterile 
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water. After thorough agitation of the diluted sample, platings were 
made in the usual manner, using standard nutrient agar. The plates 
were counted after incubation at 20 to 25°C. (68 to 77°F.) for 48 
hours. For the detection of coliform organisms, five 10-c.c. portions, 
one 1-c.c., and one .1-c.c. portion of the sample were transferred to 
standard lactose broth, and the procedure was carried out according 
to Standard Methods of Water Analysis (1936). 

The results obtained in a representative portion of these examina- 
tions are presented (Table 1). Both total and £. coli counts were 
much higher than appeared justifiable in the light of the exacting 
care employed in the plant, and the further studies were directed at 
finding the sources of the contamination. 


To begin with, a study of the steaming process was made to deter- 
mine to what extent the normal flora of the crab was affected by the 
heating preliminary to picking. Meat samples from four live crabs 
and from four steamed crabs were examined as described above. The 
results (Table 2) show that E. coli was not detected in either live 
or steamed crabs. The steaming process destroyed all coliform organ- 
isms and apparently greatly reduced the numbers of other bacteria 
present in the crabs. Obviously, coliform organisms must usually 
gain access to the meat subsequent to the steaming process, though 
the possibility remains that in improperly steamed crabs some coli- 
form organisms may survive. 

The hands of the employees constitute an important potential 
souree of contamination with E£. coli, consequently a considerable 
number of tests were made to determine the incidence of this organ- 
ism on the hands of workers. The workers were required to wash 
their hands with soap immediately before beginning the day’s work. 
Examination of the hands was made immediately after they were 
washed and again after two hours of work. The method employed 
was to swab the hand with a sterile cotton swab moistened with 
sterile water, then the swab was placed in a tube of standard lactose 
broth and incubated at 37°C.(98.6°F.). The results of this study 
(Table 3) indicate that the incidence of coliform organisms on the 
hands of the workers was rather high at the beginning of the work, 
and was even higher after two hours of work. The percentage of 
crabmeat pickers harboring coliform organisms on the hands agrees 
very closely with results we have obtained with college students (un- 
published data) and with the observations of Buice, Sehested, and 
Dienst (1927) on restaurant employees. 


The iced brine in which all the crabmeat was dipped was investi- 
gated as another possible source of contamination. The brine was 
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TABLE 2 
Bacterial Content of Live and Steamed Crabs 








Presence 


| 
Sample Total count ef coliform | E. coli 





Live crab . 1,330,000 
Live crab 995,000 
Live crab 3,060,000 
Live crab 2,050,000 

- 15,000 
Steamed crab 490,000 
Steamed crab 78,000 
Steamed crab 125,000 


| 
per gram | group 
| 
| 
| 





TABLE 3 


Incidence of Escherichia coli on Hands of Crabmeat Handlers 














Positive 


Worker Number coliform , 
E. coli 


Number 
examined 


group 





Picker’ 43 22 5 
Packer 11 6 





Picker* 72 49 
Packer 14 5 








1 Before work. *?After working for two hours. 


TABLE 4 
Bacterial Content of Dipping Brine 








Total number Per cent Presence 
organisms sodium of 
per c.c. chloride E. coli 


Sample 
number 
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1,890,000 2.11 
976,000 2.50 
89,000 
540,000 
1,020,000 
760,000 
1,320,000 
1,600,000 
1,530,000 
1,220,000 
150,000 
38,000 
69,000 
870,000 
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used for four or five hours, which is the usual plant practice, during 
which time about 100 collanders of meat were dipped in it. The 
brine samples for analysis were taken in most cases after four or 
five hours of use. The results of a representative series of the analy- 
sis are presented (Table 4). 

It is significant that the average bacterial population of the brine 
samples was greater than that of the meat samples examined. Also, 
only two of 14 brine samples did not contain E. coli in 50 «ce. Of a 
total of 31 brine samples examined, 80 per cent contained E. coli. It 
appears that the brine tank was an important source of EZ. coli eon- 
tamination of the crabineat. 

The abundance of E. coli in the brine suggested the probability 
of some source other than the hands of the workers. The ice added 
for cooling the brine was considered a possible source, since it was 
erushed in large quantities and stored in a bin with no serious at- 
tempt to keep it clean. The ice was free of coliform bacteria prior 
to plant handling. 

The ice samples for analysis were taken from the bin where the 
erushed ice was held for use in cooling the brine and for icing the 
barrels of packaged crabmeat. The ice was melted at low tempera- 
ture and examined for coliform organisms according to Standard 
Methods of Water Analysis (1936) ; the results of a number of analy- 
ses are presented (Table 5). 

The extensive contamination of the ice not only served to explain 
the condition of the brine tanks, but indicated the possibility of pol- 
lution of crabmeat in storage. The loosely fitting tops and perforated 
bottoms of the cans might permit the melting ice to flow into the cans 
and contaminate meat which had been packed with scrupulous clean- 
liness and eare. 


To test this possibility, 20 perforated cans and 20 cans without 
holes and with tightly fitting tops were filled in the usual way, then 
steamed at 121°C.(249.8°F.) for 15 minutes in order to destroy the 
coliform organisms. These cans of meat were then packed in ice in 
wooden tubs and shipped to the laboratory for examination. The 
samples reached the laboratory and were analyzed one day after 
they were packed. 


The results indicate that ice used in the plant for cooling the 
dipping brine and for packing the barrels of stored meat may be a 
most serious source of E. coli contamination (Table 6). Also, the 
re-icing of barrels in transit with dirty ice may be responsible for 
pollution of the meat. In this regard it would be advantageous to 
use tightly closed cans for packaging crabmeat. 
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TABLE 5 
Incidence of Escherichia coli in Ice Used in Packing Plant 
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TABLE 6 
Contamination of Crabmeat From Melting Ice 








. . i h 
Sample Cans with holes, E. coli mong _ E. coli 
number total count total count 





2,060 
970 
1,750 
1,870 
450 
820 
1,990 
990 
2,460 
890 
730 
420 
1,150 
289 
950 
1,770 
350 
880 
3,490 
1,740 


3,300 
1,040 
3,000 
1,990 
1,350 
4,560 
3,980 
5,900 
3,110 
6,640 
2,440 
12 1,550 
13 7,200 
14 1,220 
15 9,400 
16 11,300 
17 | 5,200 
18 | 1,740 
19 3,560 
20 | 2,880 
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Average 4,069 | oa 4 1,300 
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Since it was found to be very difficult to entirely avoid EF. coli 
contamination of crabmeat, experiments with pasteurization were 
eonducted. The purpose of these experiments was twofold: first, it 
might prove possible to destroy EF. coli (and pathogens if present) ; 
and second, the destruction of most of the contained organisms should 
delay spoilage of the meat in storage. 

For the experiment, 24 cans were taken from the regular com- 
mercial pack; 12 cans were used as controls and 12 were subjected 
to heat treatments. Five cans were processed at 15 pounds steam 
pressure, 121°C.(249.8°F.), for 15 minutes; five at 15 pounds pres- 
sure for 10 minutes; and two at 15 pounds for five minutes. The 


TABLE 7 
Comparison of Partially Sterilized Crabmeat With Commercial Pack 











i k ~ Special pack 
Somatic Commercial pac Special pac Processing 








number Total count E. coli Total count | E. coli time 





| min, 

1,860 15 
970 15 
1,240 15 
1,040 15 
860 j 15 
102,000 10 
340,000 10 
510,000 10 
93,000 10 
231,000 
810,000 
87,000 


340,000 
690,000 
1,240,000 
1,690,000 
950,000 
267,000 
790,000 
1,990,000 
291,000 
540,000 
11 1,840,000 
12 192,000 
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effect of these treatments on the bacterial content of the meat is 
shown (Table 7). 

The 15-minute process reduced the total count to a small fraction 
of the original number, and £. coli was not found in any of the 
samples. The shorter processing periods were not satisfactory for 
either reduction of total numbers or the elimination of EZ. coli. The 
processed crabmeat was equal in flavor and texture to the untreated 
meat. Slight discoloration of the surface of the processed meat was 
observed, but this defect was prevented by the use of parchment or 
similar linings. 

Further experiments were conducted to determine the time of 
spoilage as influenced by the great reduction in numbers of organ- 
isms in the meat. The changes occurring in pH and numbers of bac- 
teria in stored crabmeat of regular pack are shown (Table 8). 
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The initial pH of the meat was usually near 7.2, and in storage 
there was a steady upward shift accompanying the rise in bacterial 
population. When spoilage occurred, as indicated by the odor, the 
pH was usually near 8 and the bacteria count was many millions. 

Since spoilage was always accompanied by an increase in alka- 
linity, it was thought that reducing the pH of the meat might delay 
the spoilage. To test this possibility, an experiment was set up using 
meat which had been acidified by dipping in a salt brine, adjusted 
to pH 2.0 to 2.4 by the addition of phosphoric acid. The excess brine 
was squeezed out and the meat was packed in water-tight cans; the 
results of this experiment are presented (Table 9). 

The effect of the added acid seemed to be a somewhat delayed 
spoilage, since none of the cans were spoiled in 14 days, as compared 
with 50 per cent spoilage in the same length of time in the regular 
pack (Table 8). The addition of phosphoric acid to the dipping 
brine had no deleterious effect on flavor, texture, or color of the 
treated meat. 

The effect of combined acid and heat treatment on the keeping 
quality of crabmeat was also investigated. The meat was acidified 
as described in the preceding experiment, packed in water-tight cans, 
and steamed at 121°C. for 15 minutes; the results of these tests are 
given (Table 10). 

SUMMARY AND CONCLUSIONS 

The presence of EZ. coli in crabmeat is considered to be evidence 
of insanitary conditions in the production or handling of the meat, 
and is the basis for confiscation of interstate shipments by the Food 
and Drug Administration of the Federal Security Agency. Although 
shippers have apparently tried to carry out recommendations of the 
sanitary inspectors, they have continued to suffer losses owing to con- 
fiseation because of the finding of fecal E. coli in the crabmeat. 

The use of E. coli as an index of pollution appears to be justified 
since all coliform organisms associated with the crabs are destroyed 
by adequate steaming preliminary to picking the meat. Consequently, 
any such organisms found in the meat as it leaves the plant must be 
added in the handling by the workers. 

Our investigations indicate that in the plant studied, the three 
major sources of EZ. coli in crabmeat were the hands of the employees, 
the dipping brine, and the ice used for cooling the brine and for 
icing the barrels of meat. 

The possibility of the destruction of coliform organisms in pack- 
aged crabmeat by means of a pasteurization process which does not 
adversely affect the texture and flavor has been demonstrated. The 
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pasteurization of the crabmeat has another advantage in that the 
keeping quality is greatly improved. The period of safe storage— 
at 1 to 5°C. (33.8 to 41°F.)—of crabmeat was increased at least 50 
per cent by the acidification and pasteurization processes. 
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THIAMIN CONTENT OF DRIED PORK MUSCLE?:?* 
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In previous publications Hughes (1938, 1939) has shown that 
thiamin and other factors of the vitamin-B complex were important 
in the nutrition of the growing pig. In the present investigation 
ham muscles from pigs fed a normal-herd diet, from pigs fed known 
amounts of thiamin, and from pigs fed diets with little or no thia- 
min, were examined for their thiamin content. 


EXPERIMENTAL PROCEDURE 

Biological assays for the thiamin content of dried pork muscle 
were made with chicks by the method of Jukes and Heitman (1940). 
In this method, the supplement is fed in the basal diet at a level 
which has the effect of postponing the onset of polyneuritis in chicks 
on the assay diet as compared with chicks on the basal diet. The 
response to a test diet is calculated as the ‘‘polyneuritic mortality 
index,’’ which is obtained by subtracting the average length of life 
of the chicks from the number of days (28) in the assay period. 
Complete protection, obtained by a supplement supplying 100 or 
more micrograms of thiamin per 100 grams of diet, hence gives an 
index value of zero and an index value of about 17 as obtained on 
the basal diet. Intermediate levels give results which may be evalu- 
ated from a response curve |[Fig. 1, Jukes and Heitman (1940)]. 
From 10 to 15 chicks were used in each group. Dried pork muscle 
(taken from the ham) was incorporated in the test diets by replacing 
a corresponding weight of washed sardine meal with dried muscle. 

Pork-muscle samples were available from pigs fed the diets de- 
scribed (Table 1). When the pigs were slaughtered, the hams were 
placed in an ice box and frozen at a temperature of —7.8°C.(18°F.). 
When ready for assay the ham muscle was taken from the refriger- 
ator, freed from fat and connective tissue, cut into small pieces, and 
then dried in an electric dryer. The drying temperature varied from 
about 70°C.(158°F.) in the ease of Muscles 1, 4, and 6, and from 45 


* Aided by a grant from American Dry Milk Institute, Ine. 


* The experimental work reported in this paper became codperative with the 
United States Bureau of Animal Industry, July 1, 1938. 


* Credit is due Hubert Heitman, Jr., then a senior student in the University 
of California, for the excellent work he did on this project during the year 1938-39. 
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to 50°C. (113 to 122°F.) in Muscles 2, 3, and 5. They were dried 
until a constant weight was obtained. After drying, the muscle was 
finely ground, put into a sealed jar, and kept in an ice box at a 
temperature of about 3.3°C.(38°F.) until used. 

A summary of the muscles studied, shown on a dry and fresh 
basis, is presented (Table 2). The percentage of moisture in the 
muscles varied from 74.6 to 76.4 per cent, which checks closely with 
those studied by Mickelsen, Waisman, and Elvehjem (1939). 

The test material was fed at levels of two, four, six, and eight 
per cent. The total amount of thiamin supplied by the dry muscle 
divided by the amount in the diet gives the thiamin content of the 
dry muscle in micrograms per gram. The amount in fresh muscle is 
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Fig. 1. Polyneuritie mortality index curve. Courtesy Journal of Nutrition. 
(Jukes, T. H., and Heitman, Hubert, Jr., 1940. Biological assay of thiamin with 
chicks. J. Nutr. 19, 21.) 


also shown. The thiamin content varied from practically nothing in 
Muscle 1 to nearly 20 micrograms in Muscles 4 and 5. 


DISCUSSION 

The thiamin content varied within wide limits, which suggests 
the thesis that the amount found stored in the muscle was dependent 
upon the amount ingested by the pig. Muscles 1 and 2 were from 
pigs fed similar diets to neither of which was thiamin added; how- 
ever, the content of thiamin stored was different. The pig from 
which Muscle 1 was taken was unable to arise two weeks before he 
was slaughtered and remained in a weakened condition. His hair 
was dry and his appetite was exceedingly poor. The pig from which 
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Muscle 2 was taken gained somewhat more rapidly and was more 
active when slaughtered. Several factors may account for the dif- 
ference. The amount of thiamin storage in the case of the second 
pig when placed on the test diet may have been greater; individuals 
may differ in their thiamin requirement and the pig which furnished 


TABLE 1 
Diets, Number of Days Fed, and Average Daily Gains of Pigs 
From Which Muscle Samples Were Taken 





— : Number 
} — e Diet fed of days 
V0. fed 


Average 
daily gain 
in pounds 


0.34 





1 r 58 


| 
| 
| 
| 
| 
} 
| 
| 
| 
| 
| 
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I I cccccccsmeccussnavsaoneeaievtsenocnian 15.0 mg.’ 





Cane sugar j ‘ 0.63 
i (ean n en ee a 15.0% | 
Rice bran filtrate... 5. | 





Nicotinie acid 





Same as No. 2 








Se CR asi isscisiccccninissccraicccwnsiininvienss 86.5% 
RINE SUNN ase sists tienittsocnteepiiisiciniconnone 9.0% 
Whey adsorbate 
Salt mixture 
Thiamin 
Nicotinic acid 


Same as No. 2, plus 6 mg.’ thiamin 








NN aci cacsbsscovisuema ene eaacicotsonmeaneepcienacl 91.0% 
Tankage 
Salt 








Green pasture ad lib. 





1 Milligrams per 100 pounds of pig daily. Five to 10 c.c. of cod-liver oil was given each 
animal weekly except to the pig from which muscle No. 6 was taken. 


Muscle 1 was on the depletion diet nine days longer than the other 
pig. Muscle 3 was taken from a pig fed one milligram of thiamin 
per 100 pounds of pig daily. The amount stored was the same as 
that of Muscle 2. This pig was being fed what appears to be the 
minimum amount of thiamin required by the growing pig. The 
amount ingested was adequate for a gain of three-fourths of a pound 
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per day but was not sufficient to allow for much muscle storage. 
While the pigs from which Muscles 4 and 5 were taken were given 
different amounts of crystalline thiamin chloride hydrochloride, the 
amount found in the muscle was the same. Diet 4 contained rice 
screenings. It has been estimated by Jukes and Heitman (1940) that 
rice screenings contain .4 microgram of thiamin per gram, therefore 
the total amount of thiamin ingested per pig daily was similar. The 


TABLE 2 
Results of Muscle Assay for Thiamin Content 








} | Amountof | Thiamin content of test 
| _Amount of Polyneuritic | thiamin material (pork muscle) 
Muscle test material mortality | supplied 
No. (dry) in the | index | by test 
| material ? 





aacaaaee | Fresh muscle* 
r) sero” | (average) 


Very low 
Very low 





45.0 


20.3 
31.4 
46.0 


38.5 
74.0 
60.0 
>100.0 >16. 
41.0 20.5 
80.0 | 20.0 
>100.0 | D>ie7 
6 | | = | 4 10.3 
. 8.5 








1Grams in 100 grams of the diet. * Found by reading thiamin value of mortality index 
on response curve, Jukes and Heitman (1940). * Micrograms per gram. 


amount stored in these muscles was three times that of Muscles 2 
and 3 and about nine times as much as Muscle 1. Muscle 6 was taken 
from a pig fed a normal herd ration with access to green pasture. 
The amount stored was only about one-half that stored in Muscles 4 
and 5. The amount ingested in this case was unknown. 


These data indicate that the pig cannot synthesize thiamin and 
therefore has to depend on the diet for it. It suggests further that 
the amount stored in the muscle is dependent on the amount ingested. 

Mickelsen, Waisman, and Elvehjem (1939) found the thiamin 
content of pork muscle to be from 30 to 60 micrograms per gram, 
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while Christensen, Latzke, and Hopper (1936) report dried pork 
muscle to contain 24 Chase-Sherman units, which is equivalent to 
about 36 micrograms per gram. These results are much higher than 
those reported herein. It seems unreasonable to suppose that the vari- 
ations in bio-assay methods could be responsible for such differences. 

The fact that the pig is unable to synthesize thiamin places this 
specie with the rat, the bird, and the human in this respect. 


SUMMARY 
It has been shown that the pig is unable to synthesize thiamin and 
store it in the muscle. 
Apparently the amount of thiamin in the muscle of the pig is 
related to the amount ingested. 
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Mickelsen, Waisman, and Elvehjem (1939) reported that in cer- 
tain cuts of meat considerable destruction of riboflavin takes place 
when the meat is cooked. In view of the fact that their results were 
not alike for the different meats and gave no information as to the 
stability of the riboflavin in chicken tissue, investigations were under- 
taken to demonstrate whether riboflavin is destroyed when chicken 
meat is carefully cooked. This question is of considerable practical 
importance, since meat is nearly always cooked before consumption by 
civilized people. 

EXPERIMENTAL PROCEDURE 


Single Comb White Leghorn broilers, which averaged approxi- 
mately a pound in weight, were selected for the investigation. The 
chickens had been previously fed a ration containing 690 micrograms 


of riboflavin per 100 grams of feed. For most of the studies on the 
effect of cooking, thigh meat was used. This cut was chosen because 
it contained sufficient riboflavin to be accurately measured and be- 
cause the opposite thigh could be used as a control. A few samples 
of liver were studied, since the riboflavin content of this organ is 
exceptionally high. Half of each liver was dried without cooking and 
this was considered as the control. Since, when cooked and control 
samples are compared the average results are in excellent agreement 
(Table 1), it is believed that the method of sampling was satisfac- 
tory ; although the agreement between the individual pairs of samples 
was often not as close as might have been expected. The alternative 
procedure of grinding, mixing, and aliquoting, while believed to be 
more reliable, would have prevented cooking the whole thigh; and this 
seemed desirable, since chicken is seldom served as ground meat. 

The fried-thigh samples were browned for 15 minutes in a small 
amount of Crisco over a medium-low flame, then turned, covered, and 
cooked over a very low flame for 20 minutes longer. The liver sam- 
ples were prepared in the same manner except that the initial brown- 
ing period was only 10 minutes. 

The broiled samples were prepared in a gas broiler which had 
been preheated for 10 minutes to a temperature of 177°C.(350°F.). 
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TABLE 


1 








Sample 


Treatment 


Micrograms of riboflavin per gram of 





Dry matter 


Fresh material 





Control 
sample 


Experi- 
mental 
sample 


Control 
sample 


Experi- 
mental 
sample 





419 thigh 
421 thigh 
423 thigh 
425 thigh 
427 thigh 


Average 


429 thigh 
431 thigh 
433 thigh 
435 thigh 
437 thigh 


Average 


439 thigh 
441 thigh 
443 thigh 
445 thigh 
447 thigh 


Average 


449 thigh 
451 thigh 
453 thigh 
455 thigh 
457 thigh 


Average 
459 liver 
461 liver 


463 liver 


Average 





Fried * 
Fried * 
Fried * 
Fried * 


Broiled * 
Broiled * 
Broiled * 
Broiled * 
Broiled * 


Roasted * 
Roasted * 
Roasted * 
Roasted * 
Roasted ” 


Stewed ” 
Stewed ” 
Stewed ” 
Stewed ” 
Stewed ” 


Fried ’ 
Fried * 
Fried ’ 


14.5 
10.1 
13.0 
13.3 
10.6 


12.3 


15.3 
8.3 
9.3 

17.4 


69.6 
135.0 
86.9 


97.2 








14,1 

9.2 
11.1 
14.1 
11.0 


11.9 


16.8 

9.5 
10.3 
13.4 
42.7 


12.% 


8.5 


136.0 
78.2 


96.3 





3.42 
2.44 
3.07 
3.16 


2.52 


2.92 


3.84 
2.12 
2.38 
4.42 
2.36 


3.04 


2.36 
3.19 
2.77 
2.88 


2.53 


37.80 
22.40 


26.50 





3.33 
2.22 
2.62 
3.36 


2.62 


2.83 


4.22 
2.43 
2.64 
3.40 


9 Ww bo tO 
or or bo 
ao oS 


Q 
oo 
=> 


2.80 
2.90 
2.80 

20.80 

38.10 

20.10 


26.30 





1The riboflavin content on a fresh basis of the fried, broiled, and roasted experimental 
samples was calculated from the content on a dry basis and from the percentage of dry 
matter of the control samples. ? The riboflavin content on a dry basis of the stewed samples 
and their paired control samples was calculated by use of the average percentage of dry 
matter of the 15 other control samples which were dried before analysis. 





EFFECT OF COOKING ON RIBOFLAVIN OF CHICKEN MEAT 


The samples were three inches from the flame and were cooked for 
14 minutes one one side and six minutes on the other, a total of 20 
minutes. 

The roasted samples were prepared in an oven the temperature 
of which was 350°F. They were cooked for 30 minutes then turned 
and cooked for 15 minutes longer. 

After cooking, the meat was stripped from the bones, dried in a 
hot-air tunnel at 50 to 60°C. (122 to 140°F.) for 24 hours, and then 
weighed in preparation for the determination of riboflavin. The con- 
trol samples were prepared in the same way except that they were 
not cooked and that they were weighed both as fresh sample and 
dried sample in order that the amount of dry matter present could 
be calculated. 

The stewed samples were prepared in a somewhat different man- 
ner. In order to conveniently conserve all the extractives the samples 
were extracted directly rather than after drying. The finely divided 
fresh samples (eight to 16 grams) were covered with 25 ml. of water 
in a 500-ml. Erlenmeyer flask and cooked under a water-cooled con- 
denser for one hour. Then 25 ml. of .5 N sulfurie acid were added 
to adjust the acidity to that of the extraction solvent (.25 N), and 
the extraction was carried out. The fresh control samples were ex- 
tracted with .25 N sulfuric acid in the usual manner. The content of 
riboflavin per gram of dry matter of the stewed samples and their 
controls was caleulated from the average percentage of dry matter 
of the 15 other thigh samples. 

The riboflavin content of the meat samples was determined by 
the fluorometric method of Hodson and Norris (1939). The results 
(Table 1) show that none of the cooking procedures outlined above 
destroyed a measurable amount of the riboflavin in the samples 
studied. Mickelsen, Waisman, and Elvehjem (1939) demonstrated 
marked destruction of riboflavin by frying and roasting several meat 
samples which they studied. Since they made no investigation of the 
effect of cooking on chicken meat, however, and since they have shown 
wide difference in stability in the various cuts of other kinds of 
meat, there is no conflict between their data and those reported in 
this paper. 
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On rare occasions botulism has been traced to food products, the 
reactions of which were considerably below the pH (4.5) usually 
considered inhibitory to the growth of Clostridium botulinum and 
the formation of its toxin. Most of the outbreaks in which acid 
food products have been implicated have been diagnosed as botulism 
on the basis of the epidemiological and clinical evidence, and it has 
been seldom that Clostridium botulinum and its toxin have been 
demonstrated in such products. 

A review of the literature reveals that there have been at least 
nine outbreaks of human botulism in which acid food products have 
been implicated or suspected ; for the sake of brevity these outbreaks 
are listed (Table 1). It will be noted that in three of these outbreaks 
tomato products were involved. Clostridium botulinum was isolated 
from tomato catsup and tomato-onion chili sauce in two outbreaks; 
while in the third outbreak, in which the epidemiology was not com- 
plete, neither the organism nor the toxin could be demonstrated in 
the suspected home-canned green tomatoes. Geiger, Dickson, and 
Meyer (1922) have reported two instances of botulism in fowl, one 
in which 26 chickens died after eating home-canned tomatoes, and 
the other in which 11 ducks, fed experimentally with commercially 
canned tomato paste, developed symptoms of botulism and two died. 

In this report an outbreak caused by the consumption of home- 
canned tomatoes in which Clostridium botulinum, type B, and its 
toxin were demonstrated, is recorded because of the rarity with which 
acid food products are involved in botulism; and because it appears 
to be the first instance in which tomatoes, not mixed with other mate- 
rials, have been proven responsible for human botulism.' 


DESCRIPTION OF OUTBREAK 


About 2 p. mM. on January 28, 1940, Mrs. C. W. B., her colored 
cook, S. W., and her stepson and his wife, Mr. and Mrs. W. L. B., 


*Subsequent to the submission of this paper for publication, the authors’ 
attention was directed to an article appearing in the California State Depart- 
ment of Public Health Weekly Bulletin 19:34, March 23, 1940, which describes 
in outbreak of five cases of botulism with one death, caused by the consumption 
of home-eanned tomatoes from which Clostridium botulinum was isolated. 
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of Brownsville, Tennessee, ate a meal consisting of barbecued rabbit, 
cold pork shoulder, mashed potatoes, home-canned tomatoes, cake, 
milk and egg custard, milk, and bread. All of the items in the meal 
except the tomatoes were consumed by every member of the family 
and the cook. Neither Mr. nor Mrs. W. L. B. ate any of the toma- 
toes, but S. W. ate five whole tomatoes and Mrs. C. W. B. ate one. 

Mrs. C. W. B. became very ill about 10 a. mM. on January 29 and 
S. W. on the evening of the same day. The early stages of the illness 
in both victims were characterized by vomiting, abdominal pain, burn- 
ing in the mouth and throat, and slight diarrhea at first with ecom- 
plete constipation later. After 36 hours of illness there was difficulty 
in talking and swallowing, double vision, dizziness, and vertigo but 
no headache, and in the last stages the eyelids and wrists drooped. 
The temperature of both patients was subnormal during the illness. 
Respiration was normal at first but increased on the third day. The 
blood pressure started dropping on the third day and at the time 
of death was about 70 in both cases. Flow of urine was normal until 
within three hours of death. S. W. died on February 3, at 1:30 Pp. M., 
and Mrs. C. W. B. died on February 5, at 12:27 p. m. Death in both 
cases was ascribed by the attending physician to respiratory paraly- 
sis. Autopsies were not performed in either case. 

The tomatoes consumed by the victims were taken from a half- 
gallon jar, which was opened approximately 20 minutes before the 
meal, and were served without any additional cooking. Mrs. W. L. B. 
noted that the tomatoes had a slight ‘‘off odor’’ when they were 
opened but did not notice any signs of leakage or gas formation be- 
fore or after the jar was opened. 

The tomatoes were canned in the summer of 1938 by Mrs. C. W. B., 
one of. the deceased. Six jars of tomatoes were canned at that time, 
and the half-gallon jar from which the suspected tomatoes were taken, 
was the only one of that size in the lot, the remainder having been 
canned in one-quart containers. Four of the quart jars had been con- 
sumed previously without any ill effects and only one of the quart 
jars remained unopened. 

Mrs. W. L. B. was not present at the time Mrs. C. W. B. canned 
the tomatoes in 1938 and could not furnish the exact details on the 
method of canning. However, Mrs. C. W. B. had told some of her 
neighbors of her method for canning tomatoes, and as far as can be 
determined she used the following method in canning the tomatoes 
in question : 

Pour boiling water over the tomatoes and allow to stand for about one minute. 


Place in cold water, peel, core, and pack them in clean, hot, glass jars which have 
just been boiled. Add one teaspoon of salt for each quart of tomatoes, finish fill- 
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ing jars with boiling water, and seal jar by fastening lid on tightly. Then set jars 
in tank of boiling water deep enough to cover the entire jar with water, immedi- 
ately remove the tank with the jars of tomatoes in it from the stove and allow to 
cool to room temperature. 

Mrs. W. L. B. stated that Mrs. C. W. B. had canned tomatoes by 
this method to exhibit at fairs and that she had won many prizes 
with them, since tomatoes canned by this method are much better in 
appearance than those which are boiled. 


BACTERIOLOGICAL AND TOXICOLOGICAL STUDIES 

The remaining portion of the tomatoes in the half-gallon jar in 
which they were canned was obtained for examination, together with 
the unopened quart jar of tomatoes which were canned by the same 
method at the same time. The tomatoes remaining in the half-gallon 
jar consisted of little more than juice and seeds with the solid toma- 
toes more or less disintegrated. The odor of the material was dis- 
tinetly that of butyric acid. The pH of the tomato juice as determined 
with the Beckman pH meter was 4.21. The contents of the unopened 
quart jar of tomatoes were entirely normal in appearance and odor, 
and the pH of the juice was 4. 

Bacteriological examination of the tomatoes incriminated in the 
outbreak revealed the presence of a toxic anaerobe which was proven 
by neutralization experiments with types A and B antitoxin to be 
Clostridium botulinum, type B. An aerobic spore-forming bacillus 
and a diplococeus were also present with the toxic anaerobe. No 
toxic anaerobes could be demonstrated in the contents of the un- 
opened quart jar of tomatoes although other anaerobie organisms 
were present. 

In the first attempt to demonstrate the presence of botulinus 
toxin within the tomatoes a sterile filtrate was prepared by filtering 
the juice through paper followed by filtration through Berkefeld 
candles. When the filtrate was injected intraperitoneally into white 
mice or guinea pigs in doses of one-half ¢.c. and three ¢.c., respec- 
tively, the animals remained well. Guinea pigs fed with three c.c. 
of the unfiltered juice developed typical symptoms of botulism but 
were completely protected by one e.c. of type-B botulinus antitoxin 
administered subeutaneously. The unfiltered juice also produced typ- 
ical symptoms of botulism when injected subeutaneously into white 
mice or intraperitoneally into guinea pigs. When the juice was ad- 
justed to pH 6.8 by the addition of normal sodium hydroxide prior 
to filtration through Berkefeld candles, the toxin passed through the 
filters and the filtrates produced typical botulism when introduced 
parenterally into guinea pigs and white mice. It appears, therefore, 
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that at the natural low pH of the tomatoes the toxin was largely 
adsorbed on the suspended particles of tomato pulp and would not 
pass through the Berkefeld filter. It will be noted (Table 2) that 
the larger quantities of the juice filtered through paper (3 ¢.e.— 
Guinea Pigs 1 and 2) were apparently less toxic than a smaller 
quantity of unfiltered juice (1 ¢.c. and .1 e.c.—Guinea Pigs 5 and 6). 

The results of the toxicity studies on the incriminated tomatoes 
are presented (Table 2). One-tenth ¢.c. of the unfiltered juice (1 c.c. 
of a 1:10 dilution) produced death with typical symptoms of botu- 
lism when fed to a guinea pig. On subcutaneous injection .01 c.c. 
of the same material produced death of a guinea pig in seven days. 
A subeutaneous dose of .02 ¢.c. of the unfiltered juice injected into 
each of two mice killed both within 24 hours, while .002 ¢.c. killed 
one of two mice in seven days. For the sake of brevity other pro- 
tection experiments with type-B botulinus antitoxin in guinea pigs 
and mice, and the effect on the toxin of neutralization of the acidity 
with alkali prior to filtration, are not included in Table 2. 

In view of the alarming possibilities suggested by the occurrence 
of this outbreak of botulism caused by home-canned tomatoes it 
seemed desirable that experimental studies be conducted in order 
to determine whether the particular strain isolated in this outbreak 
is peculiar in its ability to grow and produce toxin in tomatoes, or 
whether certain environmental conditions are more influential in 
that respect. 

Two series of five cans of tomatoes, purchased on the local market 
and selected to represent tomatoes from different growing areas, were 
inoculated with the spoiled home-canned tomatoes involved in the out- 
break, each can in one series receiving one ¢.c. of the unheated, un- 
filtered juice and each can in the other series receiving one ec.c. of 
the same material which had been heated at 80°C.(176°F.) for 10 
minutes. Clostridium botulinum was probably present in the toma- 
toes in the spore state since a comparison of the unheated and heated 
material by the serial dilution method showed no difference in the 
number of organisms present, the organism being present in .01 e.c. 
but not in smaller quantities of inoculum. The inoculated canned 
tomatoes were all of the No. 2 size, providing a dilution of the inocu- 
lum slightly in exeess of 1:500, in which concentration the original 
material was non-toxic to guinea pigs and mice. After incubation 
for 32 days at room temperature no toxin could be detected in any 
of the inoculated cans although Clostridium botulinum was easily 
isolated from all of the cans. The cans were resealed and will be 
incubated for several months additional. 
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DISCUSSION 


Several features of this outbreak of botulism are worthy of at- 
tention. As was pointed out earlier, this appears to be the first 
recorded instance in which it has been proved that canned tomatoes 
have been responsible for human botulism. The two outbreaks re- 
ported in the literature involving tomato catsup and tomato-onion 
chili sauce were proved by the isolation of the toxic anaerobe from 
these foods; and although it seems probable that the pH of these 
products was within the range characteristic for tomatoes (pH 4.0- 
4.4), the admixture of carbohydrate, onions, and other ingredients to 
the products would markedly affect the ability of Clostridium botu- 
linum to grow and produce toxin. 

Schoenholz, Esty, and Meyer (1923) inoculated canned tomatoes 
and other acid products with large numbers of heated spores of Clos- 
tridium botulinum and found that weak toxins may be formed in 
some of the products after prolonged incubation. They reported that 
very weak toxins were found in two out of 10 cans of tomatoes after 
incubation at room temperatures for 10 months. Their results and 
the results of the inoculation experiment described above seem to 
indicate that canned tomatoes do not offer a very favorable environ- 
ment for the production of botulinus toxin. 

Thompson and Tanner (1925) studied the production of toxin by 
Clostridium botulinum in 23 different canned foods, and although 
canned tomatoes were not included in their study, they found that 
the acid foods in general inhibited toxin formation. 

The report of Meyer and Gunnison (1929) on an outbreak caused 
by the consumption of home-canned pears is of special interest. These 
authors demonstrated that whereas spores of Clostridium botulinum 
would not germinate and elaborate toxin in pears irrespective of the 
acidity, they would do so when a lactobacillus strain and a yeast are 
growing concomitantly. They also stated that the failure of Clos- 
tridium botulinum to elaborate toxin in acid fruits and vegetables 
probably results more from the lack of food substances essential to 
toxin production than from high acidity. 

It will be noted (Table 1) that home-canned pears and apricots 
have been incriminated in six of the nine outbreaks of botulism 
eaused by acid foods. Bigelow and Catheart (1921) in their work 
on the acidity of canned foods have recorded a pH of 3.2 for apri- 
cots, pH 3.59 and 3.9 for pears, and a range between pH 4.09 and 
4.44 for tomatoes. Thus tomatoes with a pH range only slightly more 
acid than pH 4.5 have been involved less frequently in outbreaks of 
human botulism than the more highly acid pears and apricots. This 
would seem to support the theory that factors other than, or in addi- 
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tion to, acidity influence the germination of spores and elaboration 
of toxin. 

The outbreak reported here is also of interest in that it was caused 
by type-B Clostridium botulinum. The studies of Meyer and Du- 
bovsky (1922) have demonstrated type-A strains predominate in the 
soils of the Great Plains and western states, while type-B strains are 
relatively more frequent in the soil in the Mississippi Valley, the 
Great Lakes region, and the Atlantie states. They examined seven 
samples of soil and 12 specimens of vegetables and feeds from Ten- 
nessee and isolated only type-A strains from three of the specimens. 
They pointed out, however, that the samples which they examined 
all came from one locality and that more extensive sampling would 
probably demonstrate the presence of type-B strains in Tennessee and 
other eastern states where similar results were obtained. 

Tucker and Swanson (1939) have only recently reported an out- 
break of botulism in Tennessee which was caused by type-B botulinus 
toxin in home-canned okra. 

Tomatoes, in common with the acid fruits, are relatively easy to 
process adequately by heat because of their acidity. This is borne 
out by the relative infrequency with which such products, either 
home-canned or commercially canned, have been involved in out- 
breaks of botulism. However, it is obvious that the process used in 
canning the tomatoes involved in this outbreak was woefully inade- 
quate, since the boiling temperature was maintained only momen- 
tarily. The fact that only the one half-gallon jar was processed with 
several quart-size jars also leads one to suspect that the half-gallon 
jar may not have been completely covered with boiling water in the 
heating process. 

The findings of Meyer and Gunnison (1929) that Clostridium 
botulinum would elaborate toxin in canned pears when grown con- 
comitantly with a yeast and lactobacillus, suggested similar studies 
which are now in progress with the aerobic spore-forming bacillus 
and coceus isolated from the tomatoes involved in this outbreak. It 
is also planned io study the growth of the toxic anaerobe when 
introduced both as vegetative cells and spores into canned tomatoes 
at their natural pH and at various pH levels up to neutrality. 


SUMMARY 
Two persons who ate home-canned tomatoes which were slightly 
‘off odor’’ developed symptoms of botulism and died. 
The tomatoes were probably canned by adding boiling water to 
the peeled tomatoes in freshly boiled jars, placing the sealed jars 
in a boiling-water bath, and then removing the bath from the stove 
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and allowing the bath with the jars in it to cool to room temperature. 
Examination of the tomatoes remaining in the jar revealed the 
presence of Clostridium botulinum, type B, and its toxin. An aerobic 
spore-forming bacillus and a coccus were also present. 
Commercially canned tomatoes inoculated with small portions of 
the spoiled tomatoes involved in the outbreak and incubated for 32 
days did not contain botulinus toxin. 
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The purpose of this study has been to observe some of the chem- 
ical and structural changes which take place in vegetables during 
cooking and which are in all probability related to the softening 
known to occur. Inasmuch as it is the cell wall which serves to 
give rigidity (texture) to the plant, Stiles (1937) and Anderson 
(1935), the investigation of necessity has centered its attention upon 
cell-wall constituents. In the edible portions of vegetables, the cell- 
membrane materials which are found most abundantly are cellulose, 
the hemicelluloses, and the pectic substances. Lignin is found to a 
considerable extent in some portions, but since this constituent is 
attacked by chemicals only with considerable difficulty, it need not 
be considered among the materials affected seriously by the mild 
conditions encountered in a cooking period. 

Research workers interested in cell-membrane materials from 
widely different standpoints have traced metabolic changes in these 
constituents under various conditions. The softening of the tissues 
of fruits and vegetables during ripening and storage has been shown 
conclusively to involve changes in the pectic substances. In studying 
the pectic changes occurring during the ripening of apples, Dutt 
(1921) found that they exhibited a progressive increase in pectin, 
developed at the expense of pectose (protopectin) ; and these results 
were corroborated by Carré (1922) in more detailed chemical and 
microscopic studies of apples during different stages of growth. 

Appleman and Conrad (1926) have made similar observations 
regarding the changes in the pectic substances of peaches as they 
ripen; and peaches have also been subjected to histological, macro- 
chemical, and microchemical studies in this connection by Blake, 
Davidson, Addoms, and Nightingale (1930 and 1931). Problems of 
a ‘‘sloppy’’ pack in tomatoes led Appleman and Conrad (1927) to 
study the variation in content of the pectic substances in tomatoes; 
and problems in the rotting of potatoes during storage brought 


*A dissertation submitted by Jean I. Simpson to the faculty of the University 
of Chicago in partial fulfillment of the requirements for the degree of Doctor of 
Philosophy. 
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Dastur and Agnihorti (1934) to examine the changes in the pectic 
substances in potatoes during storage and rotting. 

The results of all these studies have indicated that the alteration 
in the texture of fruits and vegetables during the ripening and rot- 
ting is, in part at least, a factor of the changes in the pectic sub- 
stances. In every instance reported, scluble pectin is formed at the 
expense of protopectin up to a certain stage in the metabolic life of 
the plant (the stage when it is fully ripe). Beyond this point, de- 
crease is found in pectin as well as in protopectin and, consequently, 
decrease is found in the total pectic substances. The intercellular 
substance maintains a fairly constant level throughout ripening, but 
as the overripe condition develops, this fraction decreases until there 
is a negligible amount of it in the tissue. 

When these quantitative studies have been accompanied by mi- 
croscopie examination, it has been found that the walls become pro- 
gressively thinner during ripening and the intercellular substance 
disappears until finally the cells are found to be entirely separated 
from one another. Consideration of the conditions under which these 
changes proceed indicates that they are dependent upon the activity 
of enzymes present in the fruit and vegetable tissue. 


It seemed interesting, then, to determine whether any relation- 
ship exists between the softening known to occur during the cooking 
of vegetables and changes in cell-membrane materials. Following is 
the report of such a study made by macrochemical, microchemical, 
and histological means. 


QUANTITATIVE STUDY OF EFFECT OF STEAMING ON PECTIC 
SUBSTANCES OF CARROTS AND PARSNIPS 

The preparation of vegetables and the method of steaming were 
planned to duplicate home methods as nearly as possible. The vege- 
tables were pared, then cut lengthwise, and steamed in large steamers 
containing vigorously boiling water. Three similar lots were prepared, 
one lot was analyzed raw, one was steamed 20 minutes, and the last 
lot was steamed 45 minutes. Neither of these cooking periods rep- 
resented the time at which the vegetable was just tender enough to 
serve. Since this was an original investigation in this field, there was 
no way of predicting whether the changes would be large or small 
and it was therefore deemed wise to include a period of cooking, 
which was rather extreme in duration. At the end of 20 minutes the 
vegetables were scarcely tender (particularly was this true of the 
parsnips), and at the end of 45 minutes they were both considerably 
overcooked, particularly the carrots. The results therefore represent 
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changes during cooking rather than an analysis of either vegetable 
when suitable for serving. 


Preparation of the Vegetable for Analysis 

1. Sampling the Vegetables: Each carrot and parsnip was cut 
lengthwise in fourths through the center (since this can be accom- 
plished readily) and one of the slices so obtained was used in each of 
the three lots for analysis; the remaining fourth slice was discarded. 
In each lot for analysis, approximately 600 grams of vegetable were 
used. 

2. Steaming the Vegetables: So that the water collecting under 
the samples during steaming could be saved for analysis, the vege- 
table was put into a strainer, the strainer was placed over a bowl, and 
this whole arrangement was transferred to the steamer. One lot was 
steamed for 20 minutes and the other for 45 minutes. 


€ 


3. Slicing Into Boiling Alcohol: Since plant tissues contain en- 
zymes which are capable of changing protopectin to pectin and pectin 
to pectic acid, Norman (1937), it was imperative that such enzymes 
be inactivated as soon as possible after the vegetables were pared and 
eut. Treating the material with boiling alcohol is recommended by 
Conrad (1926) as the most efficient method of accomplishing this 
purpose. 

Accordingly, the vegetables to be analyzed raw were sliced rap- 
idly with a razor blade into boiling alcohol and boiled for 10 min- 
utes. After boiling, the samples and alcohol were collected in large 
flasks and stored until time for drying. To permit enzyme action to 
proceed as in home cooking, the samples to be cooked were steamed 
without preliminary treatment with alcohol. It was necessary, how- 
ever, to treat all samples similarly except for steaming, hence the 
steamed vegetables were treated with boiling alcohol as soon as they 
were cool enough to handle after steaming. 

4. Drying in a Vacuum Oven: The alcohol was drained from the 
vegetables and the samples were dried to constant weight in a vacuum 
oven at 80°C.(176°F.), according to the recommendations of Link 
and Tottingham (1923). 

5. Grinding to a Fine Powder: The dried samples were ground 
in an electric grinder until the entire portion would pass through a 
60-mesh sieve. 


Quantitative Extraction of Pectic Substances 


The methods used for extraction of the pectic substances from the 
dried vegetables were modifications of those suggested by Nanji and 
Norman (1928). 
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1. Pectin: Five successive portions of boiling water (approxi- 
mately 50 ml. each) were used for this extraction and the procedure 
was planned so that the total time of extraction was approximately 
25 minutes. With the successive portions of boiling water the sample 
was ground in a mortar and then it was strained through bolting 
silk (Dufour No. 25, 200 mesh.) The combined extractions were 
brought to a boil to precipitate proteins and other materials inter- 
fering with the determination. Finally, the solution was cleared by 
filtering several times through a Biichner funnel, using hardened 
filter paper. 

2. Protopectin: Since protopectin is the fraction of the pectic 
substances which is insoluble in water but is rendered soluble by 
treatment with dilute hydrochlorie acid, it may be extracted from 
the residue after the removal of pectin, using dilute hydrochloric 
acid. For this purpose, Conrad (1926) found that extracting the 
ground vegetable for a period of one hour in thirtieth normal hydro- 
chlorie acid was the most efficient procedure. 

In the present investigation an indirect method for determining 
protopectin was employed. A fresh sample of dried vegetable was 
boiled gently under a reflux condenser with thirtieth normal hydro- 
chlorie acid for 45 minutes. The mixture was then strained through 
bolting silk and the residue was refluxed as before with hydrochloric 
acid. The mixture was again strained through bolting silk and the 
filtrate was made neutral, using concentrated sodium hydroxide. It 
was then cleared by filtering several times through a Biichner funnel, 
using hardened filter paper. 

Two such extractions removed all the pectin and protopectin 
simultaneously from the tissue. Hence, when the figure representing 
the pectin as previously determined was subtracted from the amount 
of pectic substance in this solution, the protopectin content was 
obtained. 

3. Pectic Acid and Pectates: After extracting the pectin and pro- 
topectin, the only fraction of pectic substance remaining is the pectic 
acid or pectates and this fraction may be extracted by refluxing with 
dilute ammonium oxalate. This fraction was determined in the pres- 
ent investigation by difference; that is, from the figure representing 
the total pectic substance, the figure for the sum of the pectin and 
protopectin was subtracted, the difference representing the amount 
of pectic acid or pectates present. 

4. Total Pectic Substance: For this extraction a fresh sample of 
dried vegetable was refluxed for 30 minutes with thirtieth normal 
hydrochloric acid, then the solution was strained through bolting 
silk and the filtrate was made neutral. The residue was refluxed 
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for 30 minutes with .1 per cent ammonium oxalate and strained as 
before. This procedure of two extractions (one with hydrochloric 
acid and one with ammonium oxalate) was repeated and the pectic 
substance was then found to be completely removed from the tissue. 
The combined solutions were made neutral and they were then cleared 
by filtering several times through a Biichner funnel, using hardened 
filter paper. 


Quantitative Determination of Pectin in Extracted Solutions 


Emmet and Carré (1926) devised a combination of the alcohol 
and calcium pectate methods for determination of pectin, and a modi- 
fication of their method was used in the present investigation. 

A solution of pectin was added to acidified ethyl aleohol and al- 
lowed to stand several hours. The solution was then filtered through 
filter paper and the colloidal precipitate was washed with acidified 
alcohol. Boiling water was added to the precipitate on the filter paper 
to dissolve the pectin. The pectin solution passed through the filter 
paper and was collected in a beaker. 

To the solution of pectin so obtained, tenth normal sodium hydrox- 
ide was added and the solution was allowed to stand at least several 
hours. Then normal acetic acid was added and after five minutes, a 
molar solution of calcium chloride was added to precipitate calcium 
pectate. To insure complete precipitation the solution was allowed to 
stand for at least several hours. 

This solution containing calcium pectate was boiled five minutes 
to dissolve as much as possible of the chlorides, then it was filtered 
through hardened paper in a Biichner funnel. The precipitate was 
washed with boiling water until it was free from chlorides, then 
transferred to a small weighing bottle previously dried to constant 
weight. The caleium pectate was dried to constant weight at 100°C. 
(212°F.). 

On each extraction solution, five determinations of pectin were 
made by this method, and the following is a typical set of five weights 
of calcium pectate so obtained : 

.0227 gm. caleium pectate 
.0230 gm. calcium pectate 
.0220 gm. calcium pectate 
.0213 gm. calcium pectate 
.0224 gm. calcium pectate. 

Consideration of the results from earrots (Table 1) makes it evi- 
dent that a change has taken place in the ratio of the various pectic 
substances during steaming. The amount of pectin has increased 
more than 50 per cent during 20 minutes of steaming (from scarcely 
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four per cent to almost six per cent) and by the end of 45 minutes 
it has more than doubled the amount originally present (an increase 
of from scarcely four per cent to more than eight per cent). On the 
other hand, the amount of protopectin has decreased, and at the end 
of the 45-minute period only one-fourth (approximately) of the orig- 
inal amount of protopectin remains (a decrease of from 14 per cent 
in the raw sample to 3.6 per cent in the sample steamed for 45 min- 
utes). Obviously, these changes have been brought about by the 
hydrolysis of protopectin to form pectin. If this were the only 
change occurring, however, the increase in pectin would be exactly 
the same as the decrease in protopectin and this is not the case. The 
decrease in protopectin is considerably greater than the increase in 


TABLE 1 
Effect of Steaming on Pectic Substances of Carrots’ 





Sample of carrot 


= Eiken Sica Rie weal sites 
Fraction of | Steamed Steamed 

pectic substance | 20 45 

| minutes minutes 


Peetin ; 6.0 8.8 
cooking water 0.0 0.1 0.5 
vegetable 3.7 5.9 8.3 

Protopectin (indirect method) |} 14.1 9.1 3.6 

Pectic acid (or pectates). ~ 0.8 1.0 1.3 

Total pectic substance 18.6 16.1 13.7 

In cooking water 0.0 0.1 0.5 
In vegetable | 18.6 16.0 13.2 


1 Results represent the per cent of dry weight and are computed from the average of 
five weights of calcium pectate in each case. 











pectin and it may therefore be concluded that some of the pectin 
itself has been decomposed during steaming. This conclusion is veri- 
fied by a decrease in the total pectic substances (from 18.6 per cent in 
the raw sample to 13 per cent in the sample steamed 45 minutes). A 
slight increase is found in the pectic acid or pectates of the vegetable. 


Changes in the pectic substances of parsnips (Table 2) are in the 
same direction. The pectin and pectic acid (or pectates) have in- 
creased and the protopectin and total pectic substances have de- 
creased. The changes in parsnips are slightly less than those in 
carrots, however, and this finding is significant in view of the fact 
that at the end of the steaming period the parsnips were not quite 
as soft as the carrots. 

It has thus been established that progressive changes occur in 
the pectic substances of carrots and parsnips during cooking, and 
these changes are somewhat greater in carrots than in parsnips in 
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a given time. In every instance the changes are in the direction of 
an increase in pectin and in pectic acid (or peetates) and a decrease 
in protopectin and in the total pectic substances. The changes are 
similar to those which oeceur during the ripening of fruit and vege- 
table tissue and in both instances they are no doubt related to the 
softening which takes place. 


HISTOLOGICAL STUDY OF EFFECT OF STEAMING ON PECTIC 
SUBSTANCES AND CELLULOSE OF CARROTS AND PARSNIPS 


For the purpose of observing structural changes which take place 
in earrots and parsnips during cooking, it was necessary to prepare 


TABLE 2 
Effect of Steaming on Pectic Substances of Parsnips’ 


Sample of parsnip 





Fraction of Steamed Steamed 
pectic substance Raw 20 45 
minutes minutes 


Pectin 47 | 6.1 

In cooking water 0.1 

In vegetable 4.7 6.0 
Protopectin (indirect method) 7.7 
Pectic acid (or pectates) 2.0 
15.8 
0.1 





st 69 St 


None “19 4 6 


— 


REBT IIS Di ina vice veces cenianscesernensciensessinterszconen 
In cooking water.... 





—_ 
a 
> 


| 
In vegetable serel 15.7 





1 Results represent ‘the per ‘cont of dry weight and are computed from the average of 
five weights of calcium pectate in each case. 
paraffin sections of these vegetables. With a view to determining the 
extent to which such changes are progressive during the steaming 
period, 15-minute periods of steaming were chosen. For both vege- 
tables, one lot was left raw, one was steamed 15 minutes, one 30 
minutes, and the last lot was steamed 45 minutes. 

Vegetables were pared as for home cooking, then samples were 
cut in such a variety of ways that transverse, radial, and tangential 
sections were provided from the stem end, the central part, and the 
tip end of the roots. 

Immediately after cutting, the samples to be studied raw were 
placed in vials with Nawaschin’s fluid, and those to be steamed were 
placed in the steamer for the required length of time. When cool, the 
steamed samples were placed in vials filled with Nawaschin’s fluid. 
After standing for 36 hours in this fluid, all the samples were washed 
in running tepid water and dehydration was accomplished by run- 
ning the specimens through a series of alcohol solutions of gradually 
inereasing strength. Finally, they were embedded in paraffin. 





196 JEAN I. SIMPSON AND EVELYN G. HALLIDAY 


Sections from 10 to 12 microns thick were cut with the rotary 
microtome and, using sections so obtained from carrots and parsnips, 
the following studies were made: 

Cellulose: For studying the cellulose the sections were stained 
with light green, using a one-per cent solution in 90-per cent alcohol, 
Conn (1929). This stain is by no means specific for cellulose, but in 
all probability a large part of the material staining green with it 
in these specimens was cellulose. 

A decided difference was found between the cellulose of the raw 
samples and that of the steamed ones. In the raw samples a large 
proportion of the cell walls was relatively thick and continuous, 
whereas in the steamed ones the walls were thin and broken. This 


TABLE 3 
Effect of Steaming on Pectic Substances of Carrots and Parsnips'’ 








/ Steamed Steamed 
Fraction of Raw 20 minutes 45 minutes 
pectic substance 





Carrots | Parsnips} Carrots | Parsnips| Carrots | Parsnips 





Pectin 3.7 4.7 6.0 A 8.8 7.9 
Protopectin 14,1 10.2 9.0 ‘ 3.6 5.7 
Pectie acid or pectates........... 0.8 1.6 1.0 . 1.3 2.1 

5.7 











Total pectic substance 18.6 16.4 16.1 5. 13.7 1 





1 Results represent the per cent of dry weight and are computed from the average of 
five weights of calcium pectate in each case. 


change was progressive during the steaming period and was found 
in all sections from each portion of both vegetables. 

In the raw samples, regardless of the portion of the root to be 
examined, the cell walls of the xylem tissues were considerably thicker 
and more continuous than those of either the cambium or the phloem. 
A corresponding difference was observed between the cell walls of 
the xylem tissue and other tissues of the steamed samples. That is, 
in the samples steamed 45 minutes a considerable proportion of the 
cell walls of the xylem was found to have a clear though faint out- 
line, whereas the cell walls of the cambium and phloem were very 
thin and incomplete indeed. This observation is significant in view 
of the fact that it requires slightly longer for the inner (xylem) 
portion of the root to become tender during cooking than for the 
outer (phloem) portion. 

These same general results were found with both carrots and 
parsnips. The results on the whole, however, were slightly more 
extreme from carrots than from parsnips and this finding is in ac- 
cordance with the fact that the same time of steaming produces 
slightly greater softening in carrots than in parsnips. 
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PLATE 1 


EFFECT OF STEAMING ON THE PECTIC SUBSTANCES 
OF CARROTS 
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PLATE 3 


EFFECT OF STEAMING ON THE PECTIC SUBSTANCES 
OF PARSNIPS 


Transverse sections Magnification approximately 50 
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Steamed 45 minutes 
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PLATE 4 


EFFECT OF STEAMING ON THE CELLULOSE OF PARSNIPS 


Transverse sections Magnification approximately X50 
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Steamed 45 minutes 
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PLATE 5 


ENLARGEMENTS SHOWING DETAILS OF THE EFFECT OF 
STEAMING ON THE XYLEM TISSUE OF CARROTS 


Transverse sections Magnification approximately 200 


PECTIC SUBSTANCES 


Steamed 45 minutes 
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Steamed 45 minutes 
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PLATE 6 


ENLARGEMENTS SHOWING DETAILS OF THE EFFECT OF 
STEAMING ON THE XYLEM TISSUE OF PARSNIPS 


PECTIC SUBSTANCES 


CELLULOSE 
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Pectic Substances: The stain used for the pectic substances was 
ruthenium red (one part ruthenium red in 10,000 parts distilled 
water). This stain is not specific for the pectic substances but no 
doubt a large part of the material staining with it in these samples 
(proved by quantitative chemical analysis to have considerable pectic 
material) was pectic in nature. 


A study of the sections showed that the alterations during steam- 
ing were very similar to those already noted in the samples stained 
to show cellulose. 

These observed differences between the pectic substances of the 
raw and steamed samples may no doubt be attributed to gradual 
hydrolysis of the protopectin (insoluble) to pectin (soluble) during 
the steaming period. The preparation of the sections involved ex- 
tensive washing with water and hence any soluble pectin present 
was inevitably washed away from them. Therefore, the difference in 
the amount of pectic substances between the raw and steamed sam- 
ples as noted in these sections represented the amount of protopectin 
hydrolyzed during steaming. Careful examination of the cell walls 
revealed the fact that the loss of pectic substance was particularly 
evident in the regions of the primary wall and the intercellular areas. 

A relationship has thus been established between the condition 
of the structural framework of these vegetables and the gradual loss 
of rigidity which they suffer during cooking. For making a per- 
manent record of these findings, photomicrographs were taken of 
representative transverse sections of both xylem and phloem tissues 
of the raw vegetables and also of those steamed for 45 minutes. En- 
largements were made from the xylem tissue of the samples to record 
in greater detail the changes in the cell walls during cooking. These 
photomicrographs and enlargements are to be found in Plates 1, 2, 
3, 4, 5, and 6. 


MICROCHEMICAL STUDY OF EFFECT OF STEAMING ON CELLULOSE 
OF CARROTS AND PARSNIPS 

Behavior With Iodine in Potassium and Sulphuric Acid: When 
cellulose is subjected to the action of rather strong sulphurie acid, 
a substance is formed which gives a blue absorption compound with 
iodine. The substance so formed is hydrocellulose or amyloid (a 
polysaccharide similar to starch in that it gives a blue color with 
iodine). 

A solution of iodine in potassium iodide was allowed to remain 
on a series of paraffin sections of raw and steamed carrots and pars- 
nips for one-half hour, then the sections were washed with distilled 
water and a drop or two of approximately 70 per cent sulphuric 
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acid was added. It was observed that the blue color and swelling 
owing to the adsorption compound which is formed between hydro- 
cellulose and iodine appeared very rapidly in the steamed samples 
and very slowly in the raw ones. Such a difference indicates that 
steaming has altered the cellulose in some manner, making it more 
readily affected by the reagent. It may be that the cellulose has been 
liberated to some extent from its surrounding materials in the cell 
wall, making it more accessible to the reagent; or since the reaction 
by which hydrocellulose is formed is one of hydrolysis, it seems 
probable that hydrolysis of the cellulose in the steamed samples has 
already begun, and it is therefore more readily acted upon by the 
reagent. This reaction involves considerable swelling of the walls, 
hence it cannot be used for studying the structure of the cell walls 
of the tissue. 

Behavior With Chlor-Zinc-Iodide: This reagent also hydrolyzes 
cellulose to hydrocellulose (or amyloid) but it does not cause the cell 
walls to swell to the extent that they do when treated with sulphuric 
acid and iodine in potassium iodide, and it can therefore be used 
not only as a test for cellulose but also for studying the structure of 
the cell walls. 

Paraffin sections from the raw and steamed carrots and parsnips 
were flooded with chlor-zinc-iodide and allowed to stand. In the 
carrot and parsnip samples steamed for 45 minutes, the blue-violet 
color appeared almost immediately. After standing for 45 minutes, 
a definite gradation in intensity was obtained from pale violet in 
the raw samples, deepening with successive periods of steaming to 
a decided blue-violet color in those steamed for 45 minutes. Evidence 
was thus again obtained for a progressive change in the cellulose with 
increase in the time of steaming. Furthermore, the effect of steaming 
on the cell walls, as observed by their appearance when stained with 
light green, was confirmed by their appearance when treated with 
chlor-zine-iodide, namely that the cell walls showed progressive loss 
of thickness and continuity during the steaming period. 


SUMMARY 
The purpose of this study was to observe some of the changes 
which take place when vegetables are cooked and which are in all 
probability related to the softening known to occur. Since the rigid- 
ity of plant tissues is dependent upon their cell-wall constituents, 
the problem has necessarily centered upon the cell-membrane mate- 
rials. Using carrots and parsnips, chemical, histological, and micro- 
chemical studies have been made to observe the manner in which the 
pectic substances and cellulose are affected by cooking. 
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Chemical Study: Three samples of both vegetables were prepared, 
one of them was left raw, one was steamed 20 minutes, and the last 
was steamed 45 minutes. The samples were treated with boiling alco- 
hol to stop enzyme action, then dried in a vacuum oven at 80°C. 
(176°F.), and ground to a fine powder. On each dried sample, deter- 
minations were made of the pectin, protopectin, pectic acid (or 
pectates), and total pectic substances. The content of pectin was 
found to have increased progressively during steaming, and the 
protopectin to have decreased in both vegetables. A slight increase 
was found in the pectic acid (or pectates) and a slight decrease in 
the total pectic substances of the samples. The changes throughout 
were slightly greater in carrots than in parsnips. 

Histological Study: A series of paraffin sections of both raw and 
steamed vegetables was stained with light green to show cellulose, 
and another series was stained with ruthenium red to show the pectic 
substances. In all eases the cell walls of the steamed samples were 
less thick and less continuous than those of the raw ones. Such dis- 
integration is no doubt an important factor in the loss of rigidity 
of the vegetables during steaming. Photomicrographs were taken of 
representative sections of xylem and phloem tissue of the raw vege- 
tables and of those steamed 45 minutes. Enlargements were made 
from the xylem tissue of these samples. 

Microchemical Study: Using paraffin sections of both vegetables, 
microchemical tests were made of the cellulose in the samples, using 
iodine in potassium iodide and sulphurie acid, also using chlor-zine- 
iodide. These tests proved that a decided difference existed between 
the cellulose of the raw samples and that of the steamed ones, such 
changes occurring progressively throughout the steaming period. 

Evidence has thus been obtained by chemical, histological, and 
microchemical means of changes which oceur in cell-membrane mate- 
rials of carrots and parsnips during cooking. The alterations that 
have been observed indicate a relationship between the disintegration 
of the tissue and the change in texture of the vegetable when it is 
cooked. 
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Since research work in foods eventually leads to the determina- 
tion of palatability of the food in question, the ultimate desirableness 
of a food can be determined only by a subjective test, in spite of the 
fact that objective tests have been developed that can be used to de- 
termine certain factors essential to palatability. The human being is 
the measuring instrument used in this type of test, and since indi- 
viduals vary so widely in their likes and dislikes as well as in their 
sensitivity, consistent results are difficult to obtain, even under opti- 
mum conditions. 


Platt (1937) has described in detail the two distinctly different 
types of subjective tests for judging the palatability of foods. In 
the first method the standard of perfection has been determined 
previously and based presumably on consumer preference. Trained 
judges then decide how nearly the sample of food in question ap- 
proaches the standard of perfection. This method is used for judging 
such staples of our diet as butter, cheese, ice cream, and bread. 

When the ideal standard of a food product is unknown the only 
recourse is to use the second subjective method, a consumer-prefer- 
ence test. In this type of test the instructions must be few and 
simple, since one is not using expert judges, but is attempting to 
determine the desirability of a food and the reaction of the publie 
to this particular food. 

In obtaining consumer preference for a food the actual testing 
ability of individuals cannot be ascertained, but if a limited number 
of people can be selected at random to judge, the ability of those 
people to test can be controlled to a far greater extent. 

The influence of various factors on the ability of individuals to 
recognize the primary tastes has been investigated to a certain ex- 
tent during the last decade. Fox (1931, 1932) tested a group of 
people for their ability to taste the bitter compound, phenylthio- 
carbamide, and its various derivatives and found that there was a 
great variation in individual reactions to the compound. His results 


*This study was made in connection with Bankhead-Jones Project No. 15; 
Sharp Freezing of Fruits and Vegetables. 
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indicated that the ability to taste bitter was not connected in any 
way with sex, age, or race. Forty per cent of the people tested were 
taste-blind to bitter. 

Levene and Anderson (1931) tested three groups of people for 
their ability to taste bitter. The first group contained 183 Indians, 
the second group, 110 Indians with some white blood; and the third 
group, 150 people selected from the white population. He found six 
per cent of the first group, 10 per cent of the second group, and 42 
per cent of the third group to be non-tasters. These results seem to 
indicate that the incidence of taste blindness is more prevalent among 
the white population than among the Indians. 

Snyder (1931) reported that taste deficiencies existed in 31.5 per 
cent of the people he tested for their ability to taste bitter. He stated 
further that taste blindness was not a matter of age, sex, or race 
and that it was not dependent upon the pH of the saliva. He con- 
eluded from his study that taste blindness apparently was due to a 
single recessive gene that was neither sex-influenced nor sex-linked. 

Blakeslee and Salmon (1931) showed that many people cannot de- 
tect the bitter taste of phenylthiocarbamide and that taste blindness 
appeared to be inherited as a Mendelian recessive. Later, Blakeslee 
(1932) gave further evidence that human beings are born with defi- 
ciencies in their ability to taste, and that there is no close connection 
among individuals in the ability to taste various bitter compounds. 
He found bitter-sour indiscrimination to be common. 

Boeleke and Rauth (1932) reported that there was evidence that 
smoking impaired the ability of the subjects to distinguish the sour 
taste. 

Some average threshold values for the four recognized primary 
tastes, as reported by Parker (1922), Blakeslee and Salmon (1931), 


9 


Crocker and Henderson (1932), and King (1937), are shown below. 





Blakeslee Crocker 
and and 
Salmon Henderson | 


mol./l, 


met fl. mol./l. 
NE iceicicstoniniiccnnieiesiseisiiie 4 | .0214—.0854 | .03 .0218—,0256 
Sucrose | j .020 

Tartaric acid.. | Saaevel .00125 

Caffeine | 0002 | -.0032 








King (1937) tested the tasting ability of 59 people for the pri- 
mary tastes and found no cases of taste blindness for any of the 
four substances. All individuals were eventually able to identify 
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the substances; however, there were cases of taste indiscrimination 
below the level of recognition, especially for salt and sour. From 
this original group of 59 persons she was able to secure 14 individu- 
als whose tasting ability was fairly acute. Of this group 11 were 
were women and three were men, of whom there were equal num- 
bers of smokers and non-smokers. Ten of the 14 individuals were 
more than 30 years of age. 


EXPERIMENTAL METHODS 

In attempting to select a panel of judges to determine subjec- 
tively the palatability of various fruits and vegetables frozen under 
different conditions, a group of 37 people, selected at random, was 
tested for sensitivity to the primary tastes. The group was com- 
posed of 18 women and 19 men. About one-third of the group were 
research workers; the rest were stenographers, teachers, and students. 
This type of test has been described by King (1937) 

In conducting this test solutions of chemically pure sodium chlo- 
ride, sucrose, tartarie acid, glutamic acid, and eaffeine were used 
to represent the four primary tastes. The solutions were made up 
in a series of varying dilutions,’ and each series was arranged in or- 
der of increasing strength; the dilutions of each series are recorded 
(Table 1). 

Approximately five ¢.c. of each dilution were measured out for 
every judge. The dilutions were tested in increasing order until the 
judge was positive of the taste. All individuals were informed that 
they were being tested for sensitivity of taste to the four known 
primary tastes, but they were not told in the order in which they 
were offered. One taste, sour, was repeated in order that the judges 
would not be aided too greatly by the process of elimination. The 
instruction and record card is shown (Fig. 1). 


DISCUSSION 

The molar dilutions in which each individual was able to identify 
the taste (Table 2) show that four people, two men and two women, 
were unable to identify the sweet taste in the highest concentration. 
One woman was unable to distinguish the salt taste from the sweet 
taste; another was unable to identify bitter. Bitter-sour indiscrimi- 
nations in the low concentrations were frequent. 

* The method used was devised by N. G. Barbella, Bureau of Animal Industry, 
United States Department of Agriculture. It was reported to the Conference on 
Coéperative Meat Investigations in August, 1932, and published in the mimeo- 
graphed proceedings of that conference. It was further improved by Mr. Barbella 


in July, 1934, and was furnished to the authors of the present paper in August, 
1939. 
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All individuals who were able to identify all five series in the 
average or lower than average concentrations were considered to be 
excellent judges from the standpoint of sensitivity. Those able to 
distinguish the four primary tastes in average or lower than average 
concentrations were considered good. Those who were able to dis- 
tinguish three of the four primary tastes in average or lower than 
average concentrations and were eventually able to identify the other 
taste were considered fair judges. 

According to Hankins,’ individuals vary somewhat in their thresh- 
olds of taste from time to time. Since the data given here represent 
the results of a single test of individual judges, the thresholds ob- 
tained cannot be considered as final. 


TABLE 3 


Summary of Supplementary Information Obtained From the 
12 Highest Ranking Judges 








Rating Susceptibil- | Experience 





Male : | Some Excellent No No 
Male Yes Excellent No No 
Female No Excellent No Yes 
Female Yes Excellent Yes No 
Female No Excellent No No 
Female Yes Good No Yes 
Male Some Good No No 
Male | Yes Good No Yes 
Male 2 | Yes Good No Yes 
Male Yes | Fair Yes Yes 
Female bi Yes | Fair No Yes 
Female | | Yes Fair Yes No 


Sex Smoker on test | ity to colds | in judging 
le 
| 




















Supplementary information obtained from the highest ranking 
judges (Table 3) indicates that of the 37 people participating in the 
test, five were rated excellent, four good, and three fair by the method 
described above. As to age, six of the group of 12 individuals rating 
fair or better were below 30 and six above 30.4 Eight of the indi- 
viduals smoked, two gave qualified answers, and two did not smoke. 
Only three of the group were susceptible to head colds. Six of this 
group were experienced judges and six had had no experience. The 
high, low, and medium thresholds of taste for this group of 12 judges 
are shown (Table 4). 


*O. G. Hankins, private communication to authors, June 25, 1940. 


* Although information could not be obtained as to the age of two of the indi- 
viduals, they were placed in the ‘‘above 30’’ group by the authors. 
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On comparing these data with the corresponding data obtained 
by King (1937) it is immediately apparent that her ‘‘high values’’ 
are far greater than those reported here. She evidently used solutions 
of higher molar concentrations, which in all probability explains the 
reason that all of the people she tested were eventually able to iden- 
tify all four tastes. The medium figures for salt are comparable, the 
medium figure for sweet calculated by us is slightly higher, and the 
medium threshold for bitter reported by King is twice as high as 
that obtained by us. The low figures for bitter are identical, .0002 
M per liter; but King obtained far lower thresholds for salt and sweet. 


TABLE 4 
Concentrations Ranging From Lowest io Highest Threshold of Taste 








Lowest | Medium Highest 


Solution 





mol,/l, mol./l. mol./l. 
Sodium chloride .001 M | .0217M .08 M 
Sucrose .003 M .0224 M .05 M 
Tartarie acid .00012 M .00045 M .003 M 
Glutamie acid .0001 M .0015 M .003 M 
Caffeine .0002 M .0015 M .005 M 














CONCLUSION 


These results show the necessity for testing the tasting ability of 
individuals previous to making selections for a panel of judges. 

Although the number of people tested is too small to make any 
definite statement possible, these results do indicate that there prob- 
ably is no correlation between the ability to identify the primary 
tastes and age, experience in judging, and smoking. 
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Rhubarb or pieplant is one of the first heralds of spring in the 
vegetable garden and on the dinner table. It is popular not enly 
because of its fresh taste but because it is an easily grown perennial 
and costs little on the market. 

Several studies have been found in the literature on the vitamin 
C content of cooked rhubarb. Pierson and Dutcher (1920) reported 
that raw rhubarb and rhubarb that had been boiled for 15 minutes 
would eure secorbutie guinea pigs but they gave no quantitative fig- 
ures. Hessler and Williams (1929), using the bioassay method, 
studied the vitamin C content of rhubarb canned by the open-kettle 
method and a'so that of rhubarb canned in cold water. They report 
that 12 grams of the former, after storage for 4.5 months, afforded 
protection from seurvy. Recaleulated' this means that the rhubarb 
contained about .04 mg. of ascorbic acid per gram. The rhubarb 
canned by the cold-water method, stored 4.5 months, and made into 
sauce by heating 15 minutes in an open kettle contained almost no 
vitamin C, 

Scheunert (1930) found that although raw rhubarb was a 
souree’’ of ascorbie acid, only about one-half was retained in the 
cooked sauce. Barshai, Fomin, and Shvatshko (1934) reported that 
the ascorbic acid of rhubarb is not destroyed by cooking. Clague, 
Fellers, and Stepat (1936) reported that fresh, cooked, and canned 
rhubarb of an unnamed variety contained, respectively, .117, .032, 
and .016 mg. of ascorbic acid per gram as determined by the dichloro- 
phenolindophenol titration method. This was a loss of 73 per cent 
owing to cooking and 86 per cent owing to canning. 

More work has been done on raw rhubarb alone. Izumrudova 
(1934) found the protective level to be 7.1 grams, which recal- 
culated! gives about .07 mg. of ascorbie acid per gram. Guerrant, 
Rasmussen, and Dutcher (1935) reported an unnamed variety of 
rhubarb to contain .278 mg. per milliliter of fresh juice. Birch, 
Harris, and Ray (1933) reported .03 to .04 mg. per gram in an 
unnamed variety of rhubarb by the dichlorophenolindophenol titra- 
tion method, and Bessey and King reported .20 to .25 mg. of ascorbic 


“é 
good 


* Assuming that .5 mg. per day is the minimum protective dose for guinea pigs. 


one 
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acid per gram by the same method. Levy and Fox (1935) reported 
.13 mg. of ascorbic acid per gram. Ranganathan (1935) found .367 
mg. per gram in an unnamed variety, and Chi and Read (1935) 
gave the ascorbic acid content of the Rheum officinale variety as .11 
mg. per gram. Tressler (1935), by the iodine-titration method, found 
very little difference in the ascorbic acid content of two of the most 
commonly grown varieties, Victoria and Linnaeus, .14 and .16 mg. 
per gram, respectively. Lunde (1938) reported rhubarb stalks to 
contain .08 to .09 mg. per gram; Werder and Antener (1938) found 
136 mg. per gram; Schatzlein and Fox-Timmling (1940) reported 
.092 to .118 mg. per gram. 

The great range in values reported for the raw vegetable, from 
.04 to .367 mg. of ascorbic acid per gram, indicates that further 
study is desirable. Cooking losses reported have ranged from nothing 
to 73 per cent, and in canning as high as 100 per cent. Previously 
too, cooking methods have been inadequately described or not speci- 
fied at all. 

The purpose of this study was to determine the vitamin C con- 
tent of (1) four varieties of rhubarb; (2) the leaf end as compared 
with the root end of the stalk in the four varieties; and (3) the 
vitamin C losses in the Victoria variety owing to several cooking 
methods. Also investigated with the Victoria variety were the ascor- 
bic acid content at different stages of maturity and the effect of 
storing the raw rhubarb overnight in a mechanical refrigerator held 
at 1.7°C.(35°F.). 

EXPERIMENTAL PROCEDURE 

All of the rhubarb was grown on sandy loam soil in the university 
vegetable gardens near the campus of Cornell University. The vari- 
eties tested were Victoria, Ruby, McDonald, and Linnaeus. All of 
the plantings were approximately five or more years old. In March 
of each year the plots were fertilized with well-rotted stable manure 
at the rate of 12 to 15 tons per acre. At the start of cultivation, 
about the middle of April, complete fertilizer, analyzing 5-10-5, was 
applied at the rate of 1,200 pounds per acre. 

The stalks of rhubarb were 15 to 24 inches long and varied in 
diameter from one-half to one and one-fourth inches. They were cut 
about seven o’clock each morning, the leaves were removed, and the 
stalks were taken immediately to the laboratory, where they were 
placed in the hydrator of a mechanical refrigerator held at 35°F. 
until they were used. Most of the rhubarb was analyzed immediately. 
Some was stored overnight. 

The methods of extraction and titration were essentially those of 
Bessey and King (1933) as modified by Mack and Tressler (1937). 
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A mixture of eight per cent acetic and two per cent metaphosphorie 
acid was used for extraction. The dichlorophenolindophenol dye was 


standardized with pure ascorbic acid daily. The dehydro plus the 


reduced form, or total aseorbie acid, was determined by the general 
method of Tillmans, Hirsch, and Jackisech (1932). Hydrogen sul- 
phide was bubbled through a portion of the extract for 10 minutes, 
stoppered, and allowed to stand for 20 minutes; the excess was re- 
moved with a stream of carbon dioxide. 

The Victoria variety, in 400-gram amounts (about four servings) 
and eut in one-half-inch lengths was used for all the cooking tests. 
The rhubarb was baked without the addition of sugar in a covered 
glass casserole of one and one-half quarts capacity and eight inches 
diameter at 176.7°C.(350°F.), peeled and unpeeled, for 30, 35, and 
40 minutes. It was also baked, peeled and unpeeled, with the addi- 
tion of 200 grams of sugar, for 35 minutes. No water was added in 
any of the baking tests. 

The rhubarb was cooked on top of the stove in 400-gram amounts 
in 30 ml. of water for 10 minutes in (1) an enamel stew pan (a) 
with and (b) without the skin; (2) without the skin in a glass top- 
of-stove stew pan with the cover (a) off and (b) on. The glass and 
enamel stew pans had a capacity of one and one-half quarts and a 
diameter of eight inches. The heat, which was controlled by a ma- 
nometer—Fenton, Tressler, Camp, and King (1937)—was high for 
the first two minutes, then lowered so that the sauce boiled gently 
until it was done, which required a total cooking time of 10 minutes. 
The sauce was stirred to allow for uniform sampling. 


DISCUSSION OF RESULTS 

Victoria, Ruby, and MeDonald varieties of rhubarb during the 
1940 season were found to contain about the same amount of vitamin 
(‘, .06 to .07 mg. per gram. Linnaeus variety contained more, about 
.11 mg. per gram. 

The raw peeled rhubarb of Victoria variety, during the 1940 sea- 
son, contained about .06 mg. of vitamin C per gram. During the 
1939 season the vitamin C content of the peeled stalks from the same 
plants averaged .08 mg. per gram on the wet basis. On the dry basis, 
however, the vitamin C content for the 1939 season was only slightly 
higher. This may probably be accounted for by the fact that the 
1940 season was much wetter than the 1939 season. 

No significant differences in ascorbie acid content were found at 
different stages of maturity of the Victoria variety during either 
vear, May 8 to June 22. This agrees with the finding of Tressler 

1935) in a study of the Linnaeus and Victoria varieties, using the 
iodine-titration method. 
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During both years, however, and with all varieties it was found 
that the top four inches contained almost three times as much vita- 
min C as the bottom four inches and that the top half contained 
almost twice as much vitamin C as the bottom half of the stalk. It 
has been reported that some other fruits and vegetables contain 
more vitamin C in the parts most exposed to the sun. Some of the 
cooking tests were run, using the leaf and root halves of the stalk 
separately. When the entire length of the stalk was tested, equal 
weights of the top and bottom halves were used for both the cooking 
lots and for the raw samples. 


TABLE 1 


Vitamin C Loss From Rhubarb by Baking’ 


Ascorbic acid 
Length “ 
5 , Per cent 
Total in of original 
in baked 
Raw Cooked rhubarb 


Treatment of 
baking Raw Baked 
period 


| mg. per | mg. per 
Peeled, | gm. gm. 


without sugar .065 .058 23 
.050 .040 16 
.055 .044 16 


mg. mg. 





Unpeeled, 
without sugar .046 .041 16 
.053 045 17 
065 049 
Peeled, _ 
053 .029 
35 056 .027 22 79 


1 Entire stalk of Victoria variety baked in 400-gram amounts in a covered glass baking 
dish, with no water added, at 176.7°C.(350°F.), 1940 season. 


The skin of the rhubarb contained slightly more vitamin C, .08 mg. 
per gram, than the rest of the stalk. It seems advisable to leave the 
skin on the rhubarb both because of its attractive color and because 
of its greater vitamin © content on both the wet and dry basis. If 
the skin is particularly tough and stringy, it may be advisable to 
remove it. 

There was no appreciable dehydroascorbie acid found in the raw 
or cooked rhubarb or when the rhubarb with uninjured tissue was 
stored overnight in a mechanical refrigerator held at 35°F. This 
would indicate that the ascorbie acid-oxidizing enzyme of rhubarb is 
not very active, at least not in the uninjured tissue. This may be 
due at least partially to the acidity of the rhubarb which has a pH 
of about 3. 
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Baking: In the results on baking rhubarb (Table 1) each figure 
is the average of at least 10 experiments. Peeled rhubarb, when 
baked without sugar for 30, 35, and 40 minutes, retained 88, 79, and 
73 per cent of its ascorbic acid, respectively. Baked, unpeeled rhu- 
barb without sugar retained 88, 81, and 73 per cent, respectively. 
Baking the rhubarb peeled or unpeeled made no appreciable dif- 
ference in the percentage of vitamin C retained. Increasing the 
baking period gave somewhat greater losses of the vitamin. Since 
the constancy of heat transfer by hot air cannot be safely assumed, 
however, the increase in destruction of vitamin C may not be due 
entirely to the increase in baking time. 


TABLE 2 


Vitamin C Loss From Rhubarb by Boiling ’ 


Ascorbic acid 


Per cent 
of original 
in cooked 
Raw Cooked rhubarb 


Utensil Preparation of rhubarb Total in 
Raw Cooked 


mg. per | mg. per 
gm. gm. mg. mg. 


Enamel pan Peeled, entire stalk .057 063 23 19 85 
Enamel pan Peeled, leaf end 071 .080 29 24 84 
Enamel pan Peeled, root end 044 .046 18 15 85 
Enamel pan Unpeeled, entire stalk| .071 075 28 25 87 
Pyrex pan Peeled, entire stalk 052 .053 21 18 86 
Pyrex pan, 

covered Peeled, entire stalk | .052 .052 21 19 92 


1 Cooked in 400-gram amounts with 30 ml. of water for 10 minutes; Victoria variety, 
1940 season. 


With the addition of sugar the peeled rhubarb retained 82 per 
cent when baked 35 minutes; the unpeeled rhubarb retained 79 per 
cent of its vitamin © when baked the same length of time. The 
presence or’ absence of sugar gave no significant differences in the 
per cent of retention of vitamin C. This finding is not in general 
agreement with that of Klodt and Stieb (1938), who found that suc- 
rose exerted a protective action for the ascorbic acid present in plant 
juices. The amount of vitamin C per gram of the baked, sweetened 
rhubarb is low because of the sugar content. 

Boiling: In the results on boiling rhubarb (Table 2) each figure 
is the average of at least five experiments. There was no significant 
difference in the per cent of retention of vitamin C (1) when rhu- 
barb was peeled or unpeeled; (2) when the whole stalk, the upper 
half or the lower half, was cooked in an open enamel pan with 30 
ml. of water for 10 minutes. Nor was there any significant difference 
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when the rhubarb was cooked in an enamel or a glass stew pan. In 
each case the pans and the cover when used were hot and the small 
amount of water was boiling when the rhubarb was added. The 
above methods gave a retention of 84 to 87 per cent. Covering the 
glass stew pan gave a retention of about 92 per cent. This greater 
retention may be at least partially explained by the fact that the 
whole mass of rhubarb reached the boiling point and the soft-sauce 
stage more quickly than did the rhubarb in the same pan with no 
cover. 

It is apparent that the milligrams of ascorbic acid per gram may 
be greater in the boiled rhubarb than in the raw (Table 2) ; however, 
in no case was there an increase in the ascorbic acid present in the 
entire cooking but, as has already been pointed out, a decrease of 
eight to 16 per cent. The explanation is, obviously, that the vitamin 
( was more concentrated in the cooked sauce owing to evaporation 
of water. In the baked rhubarb, where very little evaporation oc- 
curred, the vitamin C content of the cooked rhubarb was slightly less 
than that of the raw in terms of milligrams per gram. 


SUMMARY 


Rhubarb of the Victoria, Ruby, and McDonald varieties grown on 


the same plot of ground contained about .06 to .07 mg. of vitamin ( 
per gram of peeled rhubarb. Rhubarb of the Linnaeus variety con- 
tained about .11 mg. per gram. 


Rhubarb of the Victoria variety from the same plants contained 
about .0O8 and .06 mg. per gram of peeled rhubarb during the 1939 
and 1940 seasons, respectively. On the dry-weight basis the 1939 con- 
tent was only slightly higher. 

The top half of the rhubarb stalk of each of the four varieties 
contained almost twice as much vitamin C as the lower half; the top 
four inches contained almost three times as much. The skin was 
slightly higher, .08 mg. per gram, in vitamin C than the rest of the 
stalk, .06 mg. per gram. 

No appreciable amount of dehydroaseorbie acid was formed dur- 
ing extraction of the four varieties or during cooking of the one vari- 
ety tested, Victoria. 

Rhubarb of the Victoria variety lost no vitamin C 
stored overnight in the hydrator of an electric refrigerator held at 
1.7°C. (35°F. ). 

Rhubarb of the Victoria variety baked 30, 35, and 40 minutes 
retained about 88, 80, and 73 per cent, respectively, of its vitamin 
C whether the rhubarb was peeled or unpeeled. 


upon being 
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The addition of sugar did not affect the vitamin C retention in 
the baked rhubarb. 


Cooking rhubarb in an open enamel pan and in an open glass stew 


pan gave a vitamin C retention of 84 to 87 per cent. 


Covering the glass stew pan increased the retention of vitamin C 
to about 92 per cent. 

The authors are indebted to Dr. H. C. Thompson, Head of the 
Vegetable Crops Department, State College of Agriculture, Cornell 
University, for the rhubarb used in this study. 
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The thorough work of Pederson (1930, 1931, 1932, 1940), Peder- 
son and Kelly (1932, 1936), and other investigators has contributed 
to a more complete understanding of the factors controlling sauer- 
kraut making and the microédrganisms involved in the fermentation 
process. Variations in rate of fermentation and in quality of the 
final product have been shown to be due to numbers and types of 
microorganisms initially present on the cabbage or in the tanks, rate 
of growth of these organisms, their sequence of growth, strength of 
the brine, and temperature at which the fermentation is conducted. 
In other words, a properly balanced complex of microérganisms and 
environmental conditions has been found to be necessary for the pro- 
duetion of sauerkraut of excellent quality. 

In central and northern Ohio, ideal conditions for sauerkraut 
making are best attained in the early autumn months. The packers 
usually plan on filling their tanks two or three times during a sea- 
son. Aided by suitable weather, the first filling of a tank ordinarily 
will be completely fermented within three or four weeks and the 
tank may be refilled and a second fermentation completed before 
the onset of cold weather. All of the early fills are dependent on 
the prevailing weather, as no heat is used in the plants until late 
in the season, if it is used at all. When the tanks are filled for the 
final time each season the fermentation usually must be allowed to 
continue throughout the winter. It becomes a very slow process in 
plants using no heat and the final product may be decidedly altered 
by the low temperatures which contribute to an abnormal growth 
sequence of bacteria. 

In order to become more fully acquainted with the fermentation 
problems incurred by use of unheated tank rooms, we arranged with 
some of the packers to set aside for investigation certain tanks filled 
late in the season. Samples from these tanks were subjected to lab- 
oratory analysis at various intervals, as were specimens collected 
simultaneously from a tank located in a heated room and from a 
small container of the fermenting product kept under regulated 
conditions in the laboratory. Since the study was begun at the time 
of the final filling of the tanks, much immature cabbage was used. 
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However, all of it was of the same variety and in practically the 
same stage of maturity, so the temperature of fermentation was the 
principal variant. 

EXPERIMENTAL PROCEDURE 

Samples of fermenting sauerkraut, collected at intervals varying 
from a few days to one week, were examined in the laboratory for 
numbers and kinds of bacteria present during various stages of fer- 
mentation. This procedure provided an opportunity to use culture 
media as well as direct microscopic counts in following the develop- 
ment of the microflora. 

The numbers and morphologie types of bacteria were determined 
in all samples by direct microscopic examination of the sauerkraut 
juice on a Thoma-Zeiss counting cell. A small amount of methylene 
blue dye was added to each droplet of material on the counting 
chamber in order to facilitate recognition of the bacterial cells. The 
bacteria were classified as cocci and short and long rods as they were 
counted. Since the number of microérganisms per cubie centimeter 
of material was frequently very large, it was usually necessary to 
make dilutions of one part of expressed sauerkraut juice to two parts 
of sterile water. This procedure was an adaptation of the U. 8S. Food 
and Drug Administration method for determining the bacterial con- 
tent of tomato ketchup. 

The sauerkraut made in the laboratory was not only subjected to 
direct microscopic examination for estimation of numbers and types of 
bacteria but was also plated in dextrose-yeast extract and sauerkraut- 
juice agars. The former medium contained one per cent dextrose, 
one per cent peptone, one-half per cent yeast extract, and two per 
cent agar adjusted to pH 6.8; and the latter medium was prepared 
by the addition of two per cent agar to sauerkraut juice adjusted 
to pH 6. Platings were made in both kinds of media on every third 
day during the fermentation period. Incubation of the inoculated 
plates was conducted at 20°C.(68°F.) for one week. A few of 
the most dominant colony types on each series of plates were iso- 
lated and subjected to routine morphologic and physiologic tests for 
identification. 

Chemical analyses were made on all samples at the same time 
they were examined bacteriologically. The methods of Pederson and 
Kelly (1932) were employed for this portion of the investigation. 


RESULTS 
The results of this investigation were very similar to those re- 
ported by other workers in so far as the influence of temperature 
and acidity on the numbers and kinds of bacteria present during 
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sauerkraut fermentation was concerned. Various gram-negative ba- 
cilli were the principal morphologic types present on shredded cab- 
bage and during the first stages of fermentation. However, they 
were rapidly replaced by the gram-positive cocci and rod-shaped 
forms already known to play the dominant rdéle in the process. The 
eoeci, as determined by physiologic studies on colonies appearing on 
plate cultures, were of the Leuconostoc mesenteroides’ type, and 
the rods conformed to the physiologic properties of Lactobacillus 
plantarum’ and Lactobacillus brevis.’ 

The normal growth sequences of the bacteria were most obvious 
in sauerkraut fermented at temperatures of 18.3°C.(65°F.) or above. 
When the temperature remained more or less constantly below 65°F., 
there was a tendency for the cocci to remain in considerable numbers 
throughout the fermentation period even though the acidity had 
inereased beyond the concentration which Pederson and Kelly found 
them normaliy to tolerate. Although the rod-shaped bacteria associ- 
ated with sauerkraut fermentation are generally regarded as having 
a minimal growth temperature of 15°C.(59°F.), they were not com- 
pletely inhibited by the much lower temperatures which frequently 
prevailed in the unheated tank rooms during the winter months. 
This probably was due to the large quantities of fermenting sauer- 
kraut being able to hold a somewhat higher and more uniform 
temperature than that of the surrounding atmosphere. The temper- 
atures prevailing within the tanks apparently were not high enough, 
however, to permit the bacilli to enjoy optimal growth conditions, 
since neither the short nor the long rods increased in numbers 
comparable to those occurring in sauerkraut fermented in heated 
tank rooms (Table 1). 

The direct microscopic count served as a rapid and a fairly 
satisfactory means of following the development of numbers and 
morphologic types of bacteria during the fermentation period. The 
sauerkraut fermented in the laboratory was subjected to plate eul- 
ture as well as to the direct microscopic count, and it was observed 
that the latter method invariably gave the greater number of bac- 
teria per unit volume. This might have been because of an inability 
of all the organisms to grow on the media employed as well as 
heeause of failure to differentiate between living and dead cells by 
microscopic examination. It was evident that the coceal forms grew 
much better on the dextrose-yeast extract agar at pH 6.8 than on 
the sauerkraut-juice agar at pH 6. On the other hand, the rod- 
shaped types grew better on the sauerkraut-juice medium than on 
that containing dextrose and yeast extract. From observations made 


‘ Bergey’s Manual of Determinative Bacteriology, Fifth ed., 1940. 








oF ” 9l'l 
Ce'T | ; | ert 

| Os'T | | | aU'T 

PPT _ | | 0'T a 
660 vee 66'0 
oL'0 
1¢°0 
T0"0 
"god 





Sst 
~- &- & 


98° | : o pecs 
ea | | 0F0 


80°0 ine 
‘god 


aNaana 
~~ 
oO + © 
a 
> 
oo 
aq 
9 
_—— 
To) 


my 
~ 
cS 
a 
Ry 
Ea 
> 
Ss 
ss 


‘pod 


- 
z 
~ 
: 





| 


uOIjB}UeULIEY | 


Tw 
pug 
eull} 


wooy 
youg 
wo00y 

novg | 
wooy 

wooy | 





spo1 Zuo] 
spol 304g 
spo1 Zu07y | 
Ul Bue} 
spoa Zuo] 
spor j104g 
Ul BIda 


spoi Zu0'T 
spor 41048 | 
Ul 8110 

Ul B12 
ai1nje1edule} 
ain} e1aduie} 





~ 
= 
E} 
=] 
& 
= 
2 
A 
i= 
— 
cs 


e1njei1eduie} 
‘o°9 sed suoryrm 
‘o°o sod suolyim 


‘2°29 sed suor 


(woos payeey) (u001 payeaqun) (wo001 payvayun) 
Z ‘ON yuey T ‘ON yURL 








j i woo. payeoy) 
[013U09 £10}810q BT 








ainposadway pup ‘ipipwp ‘uowvjuamiag fo shvg 0} uounjay uw visajovg fo sadiy, abojoydsop pup siaqunyn [9,0 2 nvaysonvg Guryuawsag fo vsoyomy 


aTAaVL 





INVESTIGATION OF SAUERKRAUT PRODUCTION 229 


following culture on the latter medium, the maximal bacterial popu- 
lation appeared to have been attained early in the fermentation 
process, whereas the results of sauerkraut-juice agar culture indi- 
cated that the maximal numbers of cells appear later. Hence plate 
culture was not regarded as a successful means of determining total 
numbers of bacteria during the various stages of fermentation. 
Aside from the differences in growth on the media employed, plate 
counts were invariably lower than direct microscopic counts made 
on materials in the same stage of fermentation (Table 2). 


TABLE 2 
Microflora of Fermenting Sauerkraut: A Comparison of Results Obtained for 
Total Bacterial Count by Direct Method, by Plating on Dextrose-Y east 
Extract Agar, and by Plating on Sauerkraut-Juice Agar 





Plate count 


Pan. wiol Direct count ; citable ¥ 
tion asinine Dextrose-yeast Sauerkraut- 
extract agar juice agar 
1 20,000 4,500 1,300 
3 4,800,000 1,200,000 1,100 
5 105,000,000 6,400,000 16,000 
7 273,000,000 23,000,000 7,000,000 
9 312,000,000 39,000,000 19,000,000 
12 433,000,000 33,000,000 34,000,000 
14 430,000,000 21,000,000 48,000,000 
16 360,000,000 9,000,000 42,000,000 
18 140,000,000 5,000,000 31,000,000 
21 78,000,000 3,400,000 26,000,000 
24 43,000,000 1,150,000 17,200,000 
27 31,000,000 


It was shown by 


950,000 





chemical analyses of the sauerkraut juice that 


15,500,000 





during the course of fermentation the total acidity increased most 
‘apidly in the early stages of the process. It became more gradual 
as the fermentation progressed and was constantly influenced by 
Most of 
the total acid was of a nonvolatile nature and was considered as 


the kinds and numbers of bacteria and the temperature. 
being lactic acid. Volatile or acetie acid, as determined only at the 
completion of the fermentation, comprised about one-fourth of the 
total acidity. The ethyl alcohol content of the finished products 
varied between .46 and .66 per cent, and the amount of sodium 
chloride present ranged from 2.3 to 2.81 per cent. 


DISCUSSION 
The fact has been well established for many years that sauer- 
kraut is a result of a spontaneous bacterial fermentation of shredded 
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cabbage, and much information has been collected concerning the 
microbiology of the process. In central and northern Ohio, ideal 
conditions for sauerkraut making are best attained in the early 
autumn months. Hence it is only during the late autumn or during 
the winter that difficulty is apt to be experienced. The two most 
important factors contributing to failure at these periods are lack 
of suitable temperatures for fermentation and lack of sufficient 
sugar in the immature cabbage frequently used for filling the tanks. 
Of these obstacles to success, the temperature can be controlled by 
supplying heat to the fermentation rooms, and possibly sugar could 
be added although this is done only experimentally at present. 

The observations made during the present investigation confirmed 
previous discoveries regarding the effect of temperature on the rate 
of fermentation and on the growth sequence of the bacteria involved 
in the process. Owing to the season at which the study was made, 
the fermentation extended over a period of 125 days in the two tanks 
located in unheated rooms. Even after this length of time the sauer- 
kraut lacked the acidity and flavor of that which was fermented in 
70 days in a room held at 18.3°C.(65°F.), or the acidity attained 
in the laboratory control in a period of 27 days. These variations 
in quality must be ascribed to the effect of the fermentation tem- 
peratures on the microbial flora since all of the cabbage used was 
of the same variety and in the same stage of maturity, and there 
was hardly enough difference in the salt content of the fermenting 
sauerkrauts to be of significance. 

When fermentation was conducted in unheated rooms, the rod- 
shaped bacteria were slow to develop while cocci were usually plentiful 
at all times. Occasionally the room temperature was lower than the 
recognized minimal growth temperature for lactobacilli. However, 
the sudden and transient fluctuations in external environment prob- 
ably had an insignificant effect on the fermenting sauerkraut which 
represented a large enough mass to maintain a fairly uniform tem- 
perature even though it did not approach optimal conditions for 
bacterial development. 

The relatively stable temperature of 65°F., maintained in one tank 
room, permitted normal growth sequences of bacteria and allowed the 
formation of a product of good quality. This temperature did not 
allow as rapid a fermentation as was attained in the laboratory 
control held at 21.1°C.(70°F.), but the advisability of a very rapid 
fermentation is questionable since some of the flavor and aroma is 
apt to be sacrificed. 

The direct microscopic method for estimating the numbers of 
bacteria was much more satisfactory than plate counts because of 
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the difficulty encountered in the selection of media capable of grow- 
ing all of the species involved. The rod-shaped types preferred a 
more acid medium than was tolerated by the cocci; hence a single 
medium could not be readily employed for the cultivation of all of 
the different bacteria present at a given stage of the fermentation 
process. Direct microscopic examination was also used with consid- 
erable success in following the growth sequences of the cocci and 
bacilli, although difficulty was experienced occasionally. The long, 
rod-shaped types that appeared in the later stages of fermentation 
seemed to be a mixture of Lactobacillus plantarum, which was also 
the principal short form, and Lactobacillus brevis. Of course it has 
been frequently observed that L. plantarum grown on laboratory cul- 
ture media is a much longer rod than L. brevis, but the reverse seems 
to be the case during the early stages of sauerkraut fermentation. 
However, as the acidity increases, L. plantarum tends to increase in 
length and may eventually produce cells considerably longer than 
those of L. brevis. Hence it became increasingly difficult during the 
present investigation to differentiate the two species by direct micro- 
scopic methods as the fermentation progressed. It was here that plate 
culture on a sauerkraut-juice agar was of value, since the colonies 
that appeared could be isolated and subjected to physiologic tests for 
identification of the species. 
SUMMARY 

It was deduced from this study that the application of moderate 
amounts of heat to tank rooms during the winter months is an im- 
portant adjunet to the production of good-quality sauerkraut. It is 
even possible that a somewhat delayed fermentation in moderately 
heated rooms during the winter months may yield a product superior 
in quality to that achieved by the more accelerated fermentations of 
the early autumn months. 

It was shown also, that the direct microscopic count is usually a 
much more satisfactory method than the plate count for following 
numbers and growth sequences of the bacteria involved in the fer- 
mentation process. 
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Erratic behavior in tenderness-response to high and low oven 
temperatures of 225 and 125°C.(437 and 257°F.) was reported in a 
previous publication from this Station by Cover (1937). The explan- 
ation offered was that the difference in cooking time required by 
different cuts seemed to have more infiuence on tenderness than did 
oven temperature. No effect on tenderness of paired roasts was ob- 
served if the difference in cooking time was less than two hours, but 
above two hours the tenderness-percentages seemed to be roughly 
proportional to the difference in cooking time. If a difference in 
cooking time of paired roasts could be brought about with both 
roasts cooked at the same oven temperature, a more conclusive test 
of this relationship might be possible. 

Morgan and Nelson (1926) and Child (1929) have reported that 
when metal skewers were stuck into a roast the cooking time and 
cooking losses were decreased. If the cooking time of roasts could 
be decreased by more than two hours by the use of skewers, would 
the meat be tougher ? 

EXPERIMENTAL PROCEDURE 

Paired roasts from the right and left sides of the same carcass 
were cooked well-done to an internal temperature of 80°C.(176°F.) 
at the same oven temperature (125°C.), one with skewers and the 
other without. This oven temperature was chosen because it was, in 
the previous study, the one which more frequently produced tender 
meat. The skewers were about six inches long and three-sixteenths 
of an inch in diameter. They were made of nickel-plated copper and 
were similar to those used by Child. Six of these skewers (total 
weight about 255 grams) were placed in a cirele around the bulb of 
the thermometer. The portion of the roast inside and just outside 
the circle of skewers was used in the tests for tenderness. 

Three cuts of beef were used—round, arm-bone chuck, and stand- 
ing rib. The chuck and rib were cut as in the previous study. The 
round included the first three inches with the cut made parallel to 


*Approved by the director of the Texas Agricultural Experiment Station for 
publieation as Technical Contribution No. 610. 


233 





OYlUusis JOU SI TPR MOLEqG “UeOyIUsIS A[YSIY SI CG eAoqe eaenbs-149 Vy, 
89'°T ’ GBS “CSI a1ey ; “sat SUIpuRyg 
c6'0 GBS ‘GZI any yonye auoq-uay 
£0°0 G66 “SEL dUOp-WNTpa fT quel JO dar] 


rat CTL dUOP-[2M. ‘| Gy eeeseoes eorececsccesesons sevevececesesese sqia Surpuryy 
Se Gs “GST OUOP-[PPM 293 92 teeeeeceeeees esovccesesccscoess eeenosened squ Surpuyyg 
ge CBZ ‘CSI aUOp-[1l9aM | 9CL 91 ecacccccssoececooss eevcccescodcesesssesese -URY-J[VH 
O¢ ; CEL ouop-[[9M CHL | tL oi “yonyo auoq-ully 
GL o°G ; CCL QUOP-[19M PPL cl pabsecessnessones sreeeoneeeneeeee DUNON 
19 ne GBS ‘GSI dUOP-T19 MA €8 sssncenencrecscensenccssnesecssencoscnscecsconcsocore dl ETAT 
LEI a9 | CBS “COL duOp-[1l2M StI cece serseeeereeseeverserrey NU) QUOG-ULLY 

“ay ‘Do 
Zuryooo SIIMING oinj}viedulsy 3utyooo sjuewspnt sared 

; oaenbs o3¥juad10d jo oui) ut UdAQ jo o3R1g5 poared jo }BOU JO YND 

“m4 SSoUtOPUAL | aguasayiq, | juawiyveay 70 powvoyy josoquinN | sequinn 





ssausapuay puv Buyoog fo awry uo vjog fo fiamnuung 


6 WIAVL 


9kI | BQ | T_teeteetseeteteceenenencncnenens seeseeeeee TNT 
ek 6c ssevsecncosesencnsesencososoor PONTE) 
['€6 OTT ww punoy 
‘pod ‘pod “4y . “al 

asRyue0 dopued} 

-sed @10Ul , saaMang SLOMOYS eoue s1amaNg S19 MAYS siaMeNe SA9MOYS 

ssou ‘S19MOM4S MOL " "AS ON AIP " 18 18 ON 


-1apuay, ON | = yRoul Jo yD 





poyjow Zuljve-p Aaquinn 


Aq sjueuspne 82880] UaAO UL eu! S¥Oa JO BY S10 
~ Buryood [BjOy, ‘ AL ’ 30 FUSIOM 


Sssoudopuay, 


SLIMIYY Noy AL PUD YM (CA LEE)'O,G2L fo aangouadway uarg 
UD WD IU0G-119M Payoog sysvoy Jo ssousapuaT pup ‘sosso'T Guryoo,) ‘oauiy Guryoog 


1 A TAVAL 





eawvwve 


~ 4&2 We qucity 


EFFECT OF METAL SKEWERS ON COOKING TIME OF BEEF 235 


the edge severing the round from the rump. The muscles tested were 
the semimembranosus in the round, the triceps brachii in the chuck, 
and the longissimus dorsi in the rib roasts. Tests for tenderness were 
made by the paired-eating method, Cover (1936). 


RESULTS AND DISCUSSION 

Skewers decreased the cooking time and cooking losses but in- 
creased the toughness of the three cuts of beef used in this experi- 
ment (Table 1). 

The paired judgments were most nearly unanimous (highest 
tenderness-percentage 86 per cent) for the round roasts in which 
the difference in cooking time was greatest (5.2 hours). They were 
least nearly unanimous (lowest tenderness-percentage 64 per cent) 
for the standing rib roasts in which the difference in cooking time 
was least (2.1 hours). These data agree well with those obtained 
from the tests with high and low oven temperatures (Table 2). The 
results from the test with skewers, therefore, lend further support 
to the conclusion that longer, slower cooking increases tenderness in 
meat; while shorter, faster cooking increases its toughness. 

Can this observation be related to the rate of change from col- 
lagen to gelatin? Collagen has been supposed to change to gelatin 
in two steps, the first change occurring between 57 and 65°C.(134.6 
and 149°F.), the second change taking place only on long boiling. 
Bogue (1923) has shown, however, that some collagen (in pieces of 
cured hide used in glue factories) may be changed to gelatin at 80°C. 
(176°F.). About 30 per cent was changed to gelatin in eight hours 
and about 50 per cent in 12 hours at pH values between five and six 
(about that of meat). Wohlisch (1932), however, has shown that 
under certain conditions (frequent stirring and rubbing) much gela- 
tin may be formed in two hours from steer tendon and from the 
tendon in rat tails at temperatures between 60 and 64°C.(140 and 
147.2°F.). 

Seatter diagrams of the time-internal temperature observations 
show that the cooking slowed down considerably in the unskewered 
roasts about the time an internal temperature of 65°C. was reached. 


This change in slope of the cooking curve was not nearly so pro- 


nounced when skewers were used (Fig. 1). The seatter diagrams for 
the roasts cooked at the high oven temperature of 225°C. lie along a 
straight line of very steep slope (Fig. 2), while those for their pair 
mates cooked at the low oven temperature of 1 
or less pronounced break at about 65°C., similar to those for the 
unskewered roasts (Fig. 1). 


25°C. showed a more 



























































































236 SYLVIA COVER 
Thus, in the test with skewers and in the test with oven tempera- 
tures a difference in the slope of the cooking curves of paired roasts 
developed after an internal temperature of 65°C. had been attained. 
The greatest change occurred in the roast which was the more tender 
of a pair. Can the length of time of cooking, after an internal tem- 
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Fig. 1. Seatter diagrams of time-internal temperature observations for paired 
roasts of beef cooked well-done at an oven temperature of 125°C.(257°F.) with 
and without skewers. 


perature of 65°C. is reached, be an important factor in producing 
tenderness because of the added time available at temperatures suit- 
able for the change of collagen into gelatin? This possibility is being 
investigated. 
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Wohlisch (1932) has shown that the change from collagen to gela- 
tin is an endothermic reaction. Can this reaction be one cause of the 
flattening of the cooking curve when a low oven temperature is used ? 
Quantitative tests for collagen in cooked muscle tissue are not yet 
satisfactory and so no suitable tests or calculations are possible. 
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Fig, 2. Seatter diagrams of time-internal temperature observations for paired 
roasts of beef cooked well-done at oven temperatures of 125°C.(257°F.) and 
225°C.(437°F.). 
SUMMARY AND CONCLUSIONS 
Paired round, arm-bone chuck, and standing rib roasts of beef 
were cooked well-done at the same oven temperature (125°C.), one 
with and the other without skewers. Tests for tenderness were made 
by the paired-eating method. 
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The skewers decreased the cooking time and cooking losses but 
increased the toughness of the three cuts of beef used in this experi- 
ment. This undesirable effect on tenderness seemed to be greatest 
when the effect on cooking time was greatest and least when the 
difference in cooking time was least. 

The suggestion had been made in a previous publication that the 
difference in cooking time influenced tenderness in paired roasts 
more than did oven temperature. The results with skewered and 
unskewered roasts cooked at the same oven temperature lend fur- 
ther support to this conclusion. 

It is suggested that the amount of collagen changed to gelatin 
during the longer, slower cooking may have been responsible for at 
least part of the increased tenderness. 
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The minimum requirement of riboflavin for the growing pig was 
determined at the California Agricultural Experiment Station in 
1939. The requirement was found to lie between one and three milli- 
grams per 100 pounds of pig daily, Hughes (1940). Muscles from 
pigs fed different levels of riboflavin were placed, at the close of 
the experiment, in refrigeration at a temperature of about —6.7°C. 
(20°F.). Muscles from a pig of the same size and age fed a normal 
herd ration were also preserved for assay. 

As Carlsson and Sherman (1938) showed with rats, the intake of 
riboflavin influences the flavin concentration of the muscle. Mickel- 
sen, Waisman, and Elvehjem (1939b) found the riboflavin content 
of fresh-pork muscle to lie between 2.0 and 2.7 micrograms of ribo- 
flavin per gram, whereas the dry muscle contained 8 to 10 micro- 
grams of flavin per gram. Darby and Day (1938) reported fresh- 
pork muscle to have three micrograms of flavin per gram. 


EXPERIMENTAL PROCEDURE 

An unpublished method of Jukes modified from a_ previous 
method, Jukes (1937), was used for assay of flavin in these studies. 
Chicks were fed on a normal diet from the time of hatching to seven 
days of age, after which the ration was changed to a basai or deple- 
tion diet of the following composition: ground barley, 30 per cent; 
cerelose, 36 per cent; washed sardine meal, 23 per cent; soy bean 
oil, 3 per cent; rice bran filtrate, 7 per cent; ground limestone, 1 
per cent; salt (iodized) .5 per cent; MnSO, (technical), .05 per 
cent; sardilene (400 D, 3,000 A), .3 per cent; and thiamin, .0001 
per cent. 

At two weeks of age the chicks were weighed and divided equally 
as regards weight. On the experimental diets there were from 9 to 
14 chicks in each group. 

To determine the riboflavin content of the muscle, part of the 
sardine meal was removed from the basal diet and an equal part of 
dried-pork muscle was substituted. Chick growth on the test diets 


; hy The experimental work reported in this paper became codperative with the 
United States Bureau of Animal Industry, July 1, 1938. 
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was compared directly with growth on the following control diets: 
basal diet, basal diet plus 100 micrograms of synthetic riboflavin per 
100 grams of diet, and basal diet plus 200 micrograms of riboflavin 
per 100 grams of diet. Under these conditions chick growth during 
the assay period is related to the riboflavin content of the diet. 

The pigs from which the test muscles were taken had been fed 
diets containing varying levels of riboflavin. Those given less than 


TABLE 1 
Diets Fed, Number of Days Fed, and Average Daily Gains of 
Pigs From Which Muscles Were Taken 





Average 
daily 
gain in 
pounds 


Number 
Diet fed? of days 
fe 


Basal: Cane sugar 77.0% 
Casein (purified )..............sccsssees 15.0 
Rice bran filtrate 
Salt mixture 





Nicotinie acid... 
Thiamin 


Basal + 1 mg. riboflavin per 100 pounds 
of pig daily 


Basal + 3 mg. riboflavin per 100 pounds 
of pig daily* 


Basal + 6 mg. riboflavin per 100 pounds 
of pig daily 


Normal gain ration consisting of barley 
supplemented with protein, calcium 
carbonate, salt, and green pastures 


15-10 c.c. of cod-liver oil was given each animal weekly. ? Milligrams per 100 pounds 
of pig daily. *,In this case 12 mg. of thiamin was fed per 100 pounds of pig daily. 





three micrograms of riboflavin in the diet gained more slowly than 
those fed three or more (Table 1). 

After most of the fat and connective tissue had been removed, the 
muscle was ground in a power grinder. According to unpublished 
data at this Station, riboflavin is more stable at a pH of 5 than that 
of the tested muscles. The fresh muscle was tested and adjusted to 
this pH by the addition of .1 N hydrochloric acid. After the acid 
was added, the fresh muscle was spread on glass trays and placed 
in an open electric drier at a temperature of 40 to 50°C.(104 to 
122°F.) until a constant weight was obtained. 

When dry the muscle was finely ground, put in glass jars, and 
placed in an ice box until used. In order to report the results on a 
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fresh-muscle and dry-muscle basis, the dry matter in fresh muscle 
was determined. By these data, the dry matter in fresh muscle is 
between 74 and 76 per cent, a figure in agreement with that reported 
by Mickelsen, Waisman, and Elvehjem (1939a). 

In the first experiment an effort was made to determine the 
amount of muscle that should be used in the test diets. Muscle 3, 
used in this experiment, was substituted in the basal ration at 5-, 10-, 
and 15-per cent levels (Fig. 1). 





WS 


Legend 
——— Conmro/ celts 
Jest ciets 


4 
esol + 2009 ritotlovin — 


7 
- 


a 
Pal Muscle No.3 -10% level 
Muscle No. 3-15 % feve/ 


—_—_——- 


—T Basal + 100 7 tibotlovin 
L£ Sasol. 


8 


& 


Werght in grams 
aR 





8 


a 








1 j 
o o 


bays on lest cnet 





Fig. 1. Chick-growth curves—Experiment 1. 


In the second experiment 10 per cent of dried muscle replaced 
the same amount of fish meal in the test diets (Fig. 2 

In the last experiment the dried muscle was fed at a 20-per 
cent level (Fig. 3) in order that greater growth response might be 
obtained. 

To measure the results, growth curves were drawn for each ex- 
periment, and the number of micrograms of riboflavin per gram of 
dry musele was calculated directly from these curves (Figs. 1, 2, 
and 3; Table 2). 

METHOD OF CALCULATION 


Muscle 1 in Fig. 2 is used as an example; the growth curve for 
this lot at the end of the experiment is half way between the basal 
and 100-microgram groups. This muscle furnished, therefore, 50 


micrograms of riboflavin per gram of diet. Since the muscle was fed 
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Fig. 2. Chick-growth curves—Experiment 2. 
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Fig. 3. Chick-growth curves—Experiment 3. 
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at a 10-per cent level, it contained approximately five micrograms of 
riboflavin per gram of dry muscle. 


DISCUSSION AND RESULTS 
Muscle 3, in the first experiment, when fed at a five-per cent level 
did not result in a measurable amount of growth. The same muscle 
fed at 10- and 15-per cent levels gave a fair growth response; how- 
ever, the response at both levels was about the same. 
A significant difference was found in the riboflavin content of the 
several muscles. Muscles 1 and 2, taken from pigs fed low-flavin 


TABLE 2 
Results of Muscle Assay for Riboflavin Content ' 


Total amount 
XN Te Amount supplied by 
Muscle | - a er | of muscle | test material— 
No. P as | (dry) in | micrograms in — —--= 
chicks the diet | 100 grams Dry ; Fresh 
of the diet? muscle Average muscle 


Riboflavin content of muscle in 
micrograms per gram 


Average 


pet. 
10 50 o. 5.3 
20 109 


20 132 
10 130 
15 130 


20 169 


10 107 
20 189 


20 169 J 5 | 2. | 21 





1For results of control diets to which pure riboflavin was fed at different levels, see 
Figs. 1, 2, and 3. ?Caleulated from Figs. 1, 2, and ¢ 


diets, gave readings of 5 to 6.6 micrograms of riboflavin per gram 
of dry muscle; whereas Muscles 3 and 4, from pigs fed higher levels 
of riboflavin, ranged between 8 and 13 micrograms per gram of mus- 
cle. The pigs from which Muscle 1 was taken grew slowly, but some 
riboflavin was demonstrated. Judging from this fact, death occurs 
before all the riboflavin is withdrawn from the muscle. Chicks fed 
Musele 4 grew somewhat faster than those fed Muscles 3 and 5, but 
the muscle storage of riboflavin in each was similar. Apparently an 
exeess of intake over the minimum requirement does not result in 
an appreciable increase in the riboflavin content of the muscle. 

The experiments substantiate the conclusions and statements of 
other workers—namely, that on low levels of flavin intake the con- 
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centration of riboflavin found in the tissues is increased by increasing 
the intake, but on higher levels increased consumption does not ma- 
terially affect the riboflavin concentration of the muscle. 

The concentration of riboflavin in the muscle corresponds in part 
to that fed in the diet. The amount found stored also shows some 
relation to the rate of gain in the pigs from which the muscles were 
taken. Judging from these data, the pig cannot synthesize riboflavin, 
or this species cannot synthesize sufficient quantities for normal 
growth and well being. 

SUMMARY 


The riboflavin content of muscles from pigs fed different levels 
of this vitamin has been measured. 

This species apparently has not the ability to synthesize sufficient 
quantities of this vitamin for normal growth and well being. 

There seems to be a relation between the riboflavin found in the 
muscle and that consumed in the diet. 
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A food problem which has long been recognized is that of the 
discovery of a method for accurate measurement of tenderness in 
both raw and cooked meat. Three methods have been proposed for 
the solution of this problem: (1) subjective rating by trained or 
untrained tasters, (2) a mechanical cutting or penetrating device, 
and (3) the chemical determination of collagen and elastin content. 
The last of these methods has hitherto been applied to raw-meat 
samples only. In this paper an attempt at the application of the 
chemical method to cooked-meat as well as to raw-meat samples is 
reported. 

The most extensive use of the subjective method of judging 
tenderness of meat was made by the codperators in the United 


States Agricultural Experiment Station project begun in 1925 and 
entitled ‘‘A Study of the Factors Which Influence the Quality 
and Palatability of Meat.’’ Cline, Cover, and Whipple (1930) ; 
Cline, Trowbridge, Foster, and Fry (1930); and Cover (1937) re- 
ported tenderness scores of cooked meat made by tasters using the 
weighted scores accepted by these codperators. Cover (1936) out- 


“é 


lined a ‘‘paired-eating’’ technique for comparison of pairs of sam- 
ples cooked or produced in different ways. 

The first attempt at production of a mechanical device for evalu- 
ating the tenderness of meat was made by Lehmann (1907), who 
also pointed out the relation of collagen and elastin to toughness 
of meat. A workable device for measuring shearing strength of 
meat was developed by Warner (1928), and two devices were de- 
scribed by Tressler, Birdseye, and Murray (1932)—a modified 
‘‘nenetrometer’’ of the New York Testing Laboratory standard type 
and a eutting gage made from a Schrader tire-pressure gage with a 
blunt puneturing instrument inserted in it. They compared with 
these two instruments fresh unfrozen and frozen stored beef sam- 
ples. Noble, Halliday, and Klaas (1934) also used the ‘‘ penetrom- 
eter’’ for studies of the tenderness of cooked beef. Satorius and 
Child (1938) used a shearing device to compare tenderness of beef 
and pork muscles cooked at different oven temperatures. Satorius 
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and Child (1938a) used this device further to detect changes in 
tenderness of beef muscles coagulated to various internal tempera- 
tures. They found a high correlation for beef and pork between 
subjective judgments of tenderness and the shear-force readings 
obtained with their instrument. 


Mitchell, Zimmerman, and Hamilton (1926-27) modified the 
chemical method of Schepilewsky (1899) for the determination of 
connective tissue in raw meat. The essential point of this method 
is the transformation of collagen into gelatin by autoclaving or by 
dilute sodium-hydroxide solution with subsequent washing out of 
the gelatin and its determination in the washings. The elastin was 
then separated from the other muscle proteins by trypsin digestion, 
a process presumably resisted by the elastin which was separated 
from the digest by filtering through a 120-mesh sieve. Mitchell, 
Hamilton, and Haines (1928) further modified this method but 
stated that their experience in applying it to cooked meats had not 
been satisfactory. Mackintosh, Hall, and Vail (1936) compared 
shear values of beef samples with their collagen-nitrogen contents 
and found that they were correlated. Lehmann (1907) pointed out 
that the toughness of meat was probably directly related to its 
connective-tissue content and that tendering by cooking was pro- 
duced by the transformation of collagen to gelatin. The elastin of 
the connective tissue, a relatively small component, is apparently 
not changed by cooking. 

This study was begun therefore in the hope of finding a modi- 
fication of the method for determination of collagen which could be 
used with cooked as well as raw meat. The amount of collagen lost 
by change to gelatin during the cooking might, if thus accurately 
measured, be used as an index of the probable tendering produced 
by the cooking. Such questions as that of the relative tenderness of 
meat roasted at high or low oven temperatures or to rare or well- 
done internal temperatures might be attacked by this method. 

Only one phase of the tendering or toughening effect of cooking 
is examined by this attack, however, that of the softening of con- 
nective tissue. The other and equally important phase, that of the 
hardening of muscle proteins by heat, is not included. The degree 
to which tendering is affected by these two influences is however 
very different in different cuts. Naturally tender cuts, such as sir- 


loin steaks and prime rib roasts, contain little connective tissue and 
are probably little improved by the collagen-gelatin transformation 
but may instead be toughened by the heat coagulation of the muscle- 
fiber proteins. The tougher cuts, such as shoulder, sirloin butt, or 
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rump which are usually cooked as ‘‘pot roasts’’ by relatively long 
heating in boiling water or steam, contain a good deal more con- 
nective tissue and are made tender only by the breakdown of col- 
lagen to gelatin. The collagen method of measuring tenderness is 
consequently chiefly applicable to the latter type of meat. 

For the study here reported, for the most part, only the ‘‘tough 
euts’’ of beef were used. There were 17 experiments with shoulder 
muscle (shoulder fillet, ie., the anterior spinatus muscle), two with 
rump, 23 with sirloin butt (chiefly psoas magnus muscle), and four 
with rib rosts (longissimus dorsi muscle). The method of Mitchell, 
Hamilton, and Haines (1928) was used in the four experiments with 
rib roasts, 11 with the shoulder muscle, and one with the second cut 
of rump; then a modified method with retention of granular resi- 
dues parallel with the unmodified method was used in two of the 
experiments with shoulder muscle, one with rump, and four with 
sirloin butt; then the modified method alone retaining the residues 
was used in four of the experiments with shoulder muscle and 19 
with sirloin butt. 

In all but the rib roasts the cooking was done by covering the 
sample of meat, weighing usually 350 to 700 grams, with two liters 
of eold distilled water in uniform containers, bringing the water to 
the boiling point in 10 minutes, and maintaining the boiling temper- 
ature either for a fixed time or until the thermometer inserted into 
the center of the meat registered a given temperature. The internal 
temperature chosen was 85°C.(185°F.), since after several trials this 
appeared to yield ‘‘pot roast’’ or boiled meat of the best edible ten- 
derness and flavor. 

The total coagulable and non-coagulable nitrogen of the broth 
was determined in the first series of experiments and was found to 
be fairly constant and small, .24 to .29 per cent of the raw meat or 
seven to nine per cent of its total nitrogen. Part or all of the gelatin 
produced by collagen hydrolysis during cooking, as well as other 
soluble nitrogenous compounds, contributes this broth nitrogen. How- 
ever, no quantitative relation to gelatin formation can be assumed 
since complete solution of the gelatin formed may not have occurred. 

This loss of extractive and gelatin N in the broth need not com- 
plicate the comparison of the collagen N of cooked and raw meat as 
percentage of their total N since the value of this method as a meas- 
ure of tendering lies in the difference in actual content of collagen 
remaining in the cooked meat as compared with the raw. Because 
of the changes in water content in cooking the only fair method of 
making such a comparison is in terms of total nitrogen of both raw 
and cooked meat. 
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In all the experiments duplicate samples of both raw and cooked 
meat were used for independent collagen determinations. These 
duplicates yielded collagen contents which were substantially alike. 


THE UNMODIFIED METHOD 


In the first series there were 14 experiments with shoulder mus- 
ele and rump euts and four with rib roasts in which the unmodified 
method of Mitchell, Hamilton, and Haines (1928) was used. 

The shoulder fillet, that is the anterior spinatus muscle, was 
chosen for the first experiments because of its uniformity of com- 
position. This and the sirloin butt, chiefly psoas magnus muscle, 
were cooked as indicated above. The meat was removed from the 
broth, after the desired internal temperature was reached, to a 
covered container to cool after which it was weighed, ground, and 
thoroughly mixed for sampling. The volume of cooking water was 
measured and aliquots taken for the total N determination. Ground 
samples, 100 grams of the raw and 50 grams of the cooked meat, 
were removed for the collagen determinations and smaller samples 
for total N. 

In a few cases the ground meat was dried before it was sampled 
but this was discontinued when no superiority in evenness of sam- 
pling was found to result. According to Grindley and Emmett 
(1905) fundamental changes in solubility of meat proteins result 
from the drying process. 

The method described by Mitchell, Hamilton, and Haines (1928) 
was used unmodified for collagen only, no attempt at elastin deter- 
mination being made. The results of these determinations (given in 
Table 1) indicate that collagen nitrogen represented five to eight 
per cent of total nitrogen in the raw meat and three to six per cent 
in the cooked meat. The average loss of collagen owing to the cook- 
ing was 29 per cent of that in the raw meat. These values are low 
but not inconsistent with some of those reported by Mitchell, Ham- 
ilton, and Haines (1928). There are no records of the collagen con- 
tent of cooked meat with which to compare those found, but the 
total nitrogen of the raw- and cooked-meat samples is very similar 
to those reported by other investigators. Obviously the hydrolysis 
of collagen was greatest in the samples cooked the longest times, as 
illustrated (Fig. 1). 


DETECTION OF COLLAGEN IN GRANULAR RESIDUES 

When the samples were macerated in the ball mill and washed 
on the 100-mesh sieve as recommended, it was noticed that a good 
deal of granular material passed through the sieve at each washing. 
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This is the granular material observed by Mitchell, Zimmerman, and 
Hamilton (1928), but discarded. Nitrogen determinations were made 
in this granular residue of the washings of both cooked and raw 
meat. The individual washings were saved, combined, and the liquid 
passed through linen on a Biichner funnel. The residue was then 
washed with distilled water and allowed to drain without suction. 
The filtrate was rejected and the residue, which is the granular ma- 
terial from the sample, was transferred to an 800-c.c. beaker, and 
about 400 c.c. of distilled water was added. It was then autoclaved 
for 90 minutes, as was the original sample, and the same method 
followed through to determine its content of collagen nitrogen. 


— =with residues 
-~-=without residues 
SM-=shoulder cut 
S.B=sirloin butt 
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Fig. 1. Effect of various cooking times, boiling in excess water, upon the 
collagen content of beef. 





Still another modification of the method was made. The residues 
from the granular material that passed through the sieve during 
the washings were combined and washed on a linen filter as above. 
Then the residue and sample were combined in the same beaker and 
autoclaved. Collagen-nitrogen determinations were then made on the 
combined sample and residue. 

It was at once obvious that measurable amounts of collagen were 
being lost in the finely granular material which had been previously 
discarded as containing no measurable amount of collagen nitrogen. 
Indeed, as is shown later, about one-half the total collagen of the 
sample is lost if these residues are discarded. The simple substitu- 
tion of a Biichner funnel with linen filtering cloth for the 100-mesh 
sieve prevented the loss, although the time required for separation 
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was somewhat increased. The use first of the sieve and then of the 
linen filter, with all granular material saved, shortened the process 
and insured complete removal of the collagen. 


In order to determine whether the nitrogen of the filtrate ob- 
tained by autoclaving the granular material was of collagen origin 
only, filtrates from samples of raw and cooked meat as well as from 
the corresponding residues, autoclaved separately, were tested for 
tyrosine before and after further hydrolysis by the method of Folin 
and Marenzi (1929). These were the same filtrates that were used 
for collagen-nitrogen determinations. Since gelatin contains no tyro- 
sine, although other muscle proteins do, a negative result may be 
interpreted to mean that no other proteins than gelatin were present 
in these filtrates. The filtrates were usually negative. A slight trace 
of color was obtained with the filtrates from the meat, but none with 
those from the granular residues. This was possibly due to the fact 
that the granular residues were more finely subdivided and were 
more thoroughly washed than the meat. 


Three of four sirloin-butt samples yielded larger collagen content 
when the granular residues were included and one appeared to have 
less with residues included (Table 2). The average difference be- 
tween raw and cooked meat was greater without than with residues, 
47 per cent of the collagen appearing to have been hydrolyzed during 
the cooking in the former case and 39 per cent in the latter. In all 
cases, moreover, the collagen content of the raw meat was found to 
be more consistent for the same cuts with than without the residues. 


RATE OF EXTRACTION OF GELATIN 


A comparison of the amounts of total nitrogen and of tyrosine 
in the various washings with 100-c.c. portions of hot distilled water 
of the autoclaved meat samples was made in four experiments. More 
complete removal of gelatin N was accomplished by the first wash- 
ings of the raw than of the cooked samples (Table 3). A sixth wash- 
ing was therefore adopted for the cooked samples. In two of the 
experiments only was it possible to obtain readable concentrations of 


tyrosine in the washings. In both of these all of the tyrosine found 
appeared in the first two or three washings of the raw sample but 
was distributed in the cooked in about the same manner as was 
the total nitrogen. Apparently both gelatin and soluble non-gelatin 
(tyrosine-containing) proteins are less easily and completely washed 
out of the cooked than the raw samples. The washings of one dupli- 
cate in Experiment 20 were cleared of non-gelatin nitrogen by addi- 
tion of solid Na,SO, (25 gm. per 100 e¢.c. of filtrate). This reduced 
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the total nitrogen about 50 per cent but did not change its distribu- 
tion among the washings although it removed all tyrosine. 


CLEARING FILTRATES TO REMOVE NON-COLLAGEN NITROGEN 

The final filtrates obtained by following the original method were 
seldom clear. The filtrates from the raw meat were usually less 
‘‘milky’’ than those from the cooked meat, but still were not clear. 
It appeared that proteins or protein products other than gelatin 
from the collagen were present in the filtrates. Attempts were made 
to clear the filtrates by various means. Since centrifuging did not 
prove successful it seemed that the ‘‘milkiness’’ was not due to the 
presence of fat. Heating the filtrates for several hours and filtering 
served in some eases to clear the filtrates. Heating with dilute H,SO, 
(10 ce. of .1 N H,SO, to 500 cc. of filtrate) and filtering was suc- 
cessful in some cases (Experiments 3b and 4b). 

The method of salting out non-gelatin muscle proteins was then 
tried. Zine sulfate (60 gm. Zn SO, 7H,O per 100 ¢.c.) added to the 
solutions was found to produce very clear filtrates, but the salt inter- 
fered seriously with the Kjeldahl determination of total nitrogen 
and with hydrolyses. A large amount of the nitrogen of pure gela- 
tin solutions is salted out, however, by this method (Table 4, Ex- 
periment 56). 

Sodium chloride (30 gm. NaCl per 100 ¢.c.) gave uniformly clear 
filtrates that reacted normally in the Kjeldahl process, but the chlo- 
ride in the hydrolysates entirely vitiated the tyrosine determinations, 
since the latter is based on the Millon reaction. Gelatin nitrogen 
was found to be precipitated by this salt in only small amount 
(Table 4, Experiment 56). 

Sodium sulfate (25 gm. anhydrous Na,SO, per 100 c¢.c. of filtrate) 
was thought to be a successful agent for salting out the muscle pro- 
teins from the gelatin filtrates. The resulting solutions were erystal 
clear and the salt did not interfere in the determinations of total 
nitrogen by the Kjeldahl process, other than by precipitation in the 
distillation and also during hydrolysis. 

The filtering after the salting out was tedious. Finally the fil- 
trates were concentrated to about one-half of their original volumes, 
and smaller samples (25 ¢.c.) were used for the determination of 
total nitrogen. Suction cannot be used for this filtration particularly 
with the cooked meat since the finely divided particles allow the pas- 
sage of some non-gelatin protein into the filtrates. 

On further examination of the salting out effect of Na,SO, it 
was found that a large part of the gelatin as well as non-gelatin 
nitrogen was removed from the filtrates. Thus with pure gelatin 
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solutions (Experiments 45 and 56) 88 to 99 per cent of the nitrogen 
was removed by the salting, just as in Experiments 16, 20, 22, 23, 
and 24 from 40 to 88 per cent of the total filtrate nitrogen was like- 
wise thrown down by the Na,SO,. In Experiment 22, in which salt- 
ing was carried out in duplicate determinations by NaCl and Na,SO,, 
the latter removed 60 and 68 per cent, the former only five and 
eight per cent of the filtrate nitrogen. Adjustment of the pH of the 
filtrates made some difference, less precipitation resulting (Experi- 
ments 24, 45) when the pH was 4.40 to 4.56, presumably close to 
the isoelectric point of the gelatin used, than when it was 5.82 or 
5.88. Further work should be done on this point. 

The amounts of total nitrogen in the filtrates have been ex- 
pressed as percentages of the total nitrogen contained in the meat 
from which the filtrates were derived (Table 4). The difference 
between the amounts of total nitrogen in the original uncleared 
filtrates and in the cleared filtrates indicates the amount of sup- 
posedly non-collagen nitrogen removed by the clearing. The differ- 
ences varied according to the completeness of the clearing. It was 
much smaller in the experiments where heat and dilute acid were 
used than where sodium chloride, zine sulfate, or sodium sulfate 
were the precipitating agents. Occasionally filtrates came through 
perfectly clear, as did the cooked filtrate in Experiment 3b where 
clearing made no difference in the amount of collagen nitrogen 
found. In Experiments 17 and 18 one-half of the filtrates, that is, 
one of the two duplicates, was naturally clear and showed differ- 
ences similar to some of those obtained by salting out. 


TYROSINE AND TRYPTOPHANE DETERMINATIONS OF NON-GELATIN 
NITROGEN IN THE FILTRATES 

Since gelatin contains only a small amount of tyrosine, .01 per 
cent of the protein, and no tryptophane, it seemed that some measure 
of the non-gelatin nitrogen in the filtrates might be made by deter- 
mining the amount of tyrosine and tryptophane present. 

The May and Rose (1922) procedure for tryptophane produced 
blue colors in the uncleared filtrates, in inverse proportion to the 
clearness of the filtrates. In the filtrates from which the non-gelatin 
nitrogenous matter had been salted out there was only a slight trace 
of color. The test did not show distinguishable differences in the 
colors in the filtrates with and without the granular material. 

The quantitative determination of tyrosine and tryptophane was 
also carried out according to the micro method of Folin and Marenzi 
(1929), a modification of the macro method developed by Folin and 
Ciocalteu (1927). At first in the attempt to read the faint colors 
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obtained in the filtrates the standard suggested by Folin and Marenzi 
was diluted, one-half, one-fourth, and even one-eighth. Readings from 
such dilutions proved not to be consistent. Thereafter whenever the 
colors could not be read against the undiluted standard they were 
judged ‘‘too light to read.’’ 


For comparison with the filtrates the tyrosine and tryptophane 
content of the raw and cooked meat was also determined. One-half 
gram of raw and one-fourth gram of cooked meat were hydrolyzed 
for this purpose. The average amount of tyrosine in the raw-meat 
protein (14 different samples) was 3.46 per cent and in the cooked, 
3.78 per cent. Tryptophane averages were .70 per cent for the raw 
and .65 per cent for the cooked meat. These figures were obtained 
by the Folin and Marenzi (1929) method in which the precipitate 
from the tyrosine test is used for the tryptophane determination. By 
May and Rose (1922) technique raw-meat protein contained .82 per 
cent and cooked meat 1.72 per cent tryptophane. 

There was no consistency in the proportions of tyrosine and 
tryptophane found in the raw and cooked samples. The raw meat 
had less tyrosine than the cooked in 11 out of 14 pairs and more 
in three cases, less tryptophane in three cases, the same amount in 
five eases, and more in five cases. This may merely mean that with 
the Folin and Marenzi method the tryptophane determinations are 
not as well controlled as the tyrosine. If the collagen content of the 
cooked meat is less than that of the raw, the average tyrosine and 
tryptophane content of the cooked meat proteins should be greater 
than that of the raw. 

Although there was enough color in the filtrates from four out 
of 23 experiments to be read for tyrosine, the amounts were small, 
the largest being .45 per cent of the meat protein. There was not 
enough color developed in any of the filtrates to be read for trypto- 
phane against the suggested standard. The cleared filtrates showed 
very faint colors for tyrosine and tryptophane, far too light to read. 
The fact that the amount of non-gelatin nitrogen in the filtrates was 
shown by the tyrosine and tryptophane color tests to be uniformly 
low leads to the conclusion that it is not always necessary to make 
either the tyrosine and tryptophane tests or the salting out technique 
a part of the modified method. 

We are indebted to Dr. H. H. Mitchell for a communication in 
advance of publication on the revision of his method for collagen 
involving the solution by urea of the non-collagen proteins in the 
residue left from the preliminary washing of the meat samples. We 
made several attempts to use this process but were unsuccessful in 
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removing the non-collagen proteins except in one experiment. In this 
ease duplicate determinations were made, granular residues included, 
using the method as we had modified it and also the urea solution 
process described by Dr. Mitchell. The washings after the autoclav- 
ing were examined uncleared and cleared with Na,SO, or with NaCl 
in both cases. The tryptophane was determined in the filtrates by 
the method of May and Rose (1922) with casein assumed as 2.2 
per cent tryptophane for standard. The results were inconclusive. 
Nearly as much tryptophane appeared in the urea-extracted as in 
the original filtrates. The salting out removed a considerable amount 
of nitrogen from the urea-treated samples although not as much as 
from the untreated. Since we found that Na,SO, precipitated most 
of the gelatin these comparisons are hard to interpret. The collagen 
content of the cooked meat was found to be greater than that of 
the raw meat by the urea-extraction method, a finding which is at 
odds with those obtained in nearly all the other experiments and 
contrary to reasonable expectation. Further work should certainly 
be done with this method. 


DIFFERENCE IN COLLAGEN CONTENT OF RAW AND 
COOKED SAMPLES 

For the 23 experiments in which the granular residues were in- 
eluded and the procedure was considered satisfactory the amount of 
gelatin in the filtrates from the raw meat was greater than in those 
from the cooked meat of duplicate samples. The average difference 
for the 23 experiments was 2.49 per cent. This must mean that in 
the cooking of the meat part of the collagen was converted into 
gelatin and was lost in the preliminary washing and was, therefore, 
not present in the gelatin filtrates after the autoclaving. The amount 
of the reduction of collagen nitrogen thus detected may probably be 
taken as a measure of the amount of tendering of the meat by 
cooking. 

Since the average percentage of the raw-meat protein found to 
be represented by the gelatin was 10.86 and that of the cooked 8.37, 
the proportion of collagen changed to gelatin in the amount of cook- 
ing used in these experiments was close to 22 per cent of the total 
present in the raw meat. 

The effect of clearing the filtrates of non-gelatin nitrogen upon 
the differences in gelatin content of the cooked and raw meat was 
examined. Since clearing by heat, by acid, by ZnSO,, and by NaCl 
(in one case) decreased the gelatin nitrogen of the filtrates in small 
amounts only (zero to 21 per cent), there was little difference in 
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the apparent loss of collagen owing to cooking whether cleared or 
uncleared filtrates were used. Larger differences both in loss of 
collagen owing to cooking and in gelatin content of cleared and 
uncleared filtrates were seen in the experiments in which Na,SO, 
was used. Since 94 per cent of the gelatin was salted out in the 
latter process these comparisons are not significant. If a correction 
is made for gelatin loss owing to the Na,SO, effect, the differences 
between collagen lost in cooking, reckoned from cleared and un- 
cleared filtrates, practically disappear. Thus in 14 tries (Na.SO, 
results corrected) the average loss of collagen owing to cooking was 
24 per cent with uncleared and 22 per cent with cleared filtrates. 


TIME OF COOKING AND LOSS OF COLLAGEN 

An attempt was made to correlate time of cooking and type of 

cut with this loss of collagen. In a summary of all comparable experi- 

ments (Table 5 and Fig. 1) it will be noted that the collagen content 

in all eases is progressively lowered with increased length of cooking. 

Consistently lower values for collagen were found when the granu- 
lar residues were not retained. 


RIB-ROAST EXPERIMENTS 


In four rib-roast experiments! (Table 5) duplicate two-rib cuts 
from the same carcass were used in both eases, the collagen being 
determined by the original unmodified method. In each case one of 
the roasts was pierced by heavy silver-plated copper skewers, weigh- 
ing 264 grams, in order to hasten the transfer of heat to the interior 
of the meat. The meat was baked in ovens kept at 210°C.(410°F.). 
The internal temperature desired, 70°C.(158°F.), was reached in 78 
minutes by the skewered roasts or in 17.3 minutes per pound, and 
in 98 minutes or 21.3 minutes per pound by the unskewered. This 
confirms the work of Morgan and Nelson (1926) on the accelerated 
transfer of heat in beef roasts produced by the use of metallic 
skewers. It is interesting to note that the reduction in collagen pro- 
dueed by the baking was greater in the unskewered roasts, 26 per 
cent, than in the skewered, 18 per cent. This seems to indicate that 
the hydrolysis of collagen to gelatin is dependent upon time as well 
as temperature. Too little data were obtained, however, to establish 
this difference definitely. It is interesting that Cover (1937) raised 
the question as to whether time as well as final internal temperature 
may not be concerned in the tendering of cooked meats. 


* The work on the rib cuts and on some of the shoulder-muscle experiments was 
done by Helen Farrenkopf. 
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TABLE 5 


Effect of Cooking Time and Type of Cut on Loss of Collagen 
(Tendering) of Beef 


| | Collagen N in per cent of total N 
Number | Time mn te coe 
of experi- of 

ments cooking 





i = Raw, 7 
Without With minus Loss in 


residues residues cooked cooking 


pet. 
Shoul- ‘ Raw 
der Raw ead = 
muscle Boiled 
Raw 
Boiled 
Raw 
Boiled 
Raw 
Boiled 
Raw 
Boiled 
Raw 
Boiled 
Raw 
| Boiled 
Rump Raw 
Boiled 
Sirloin | Raw 
butt | Boiled 
Raw 
Boiled 
Raw 
Baked 
(without 
skewers) 
Raw 
Baked 
(with 
skewers) 





Raw 


1 With residues. * Without residues. 


SUMMARY OF RECOMMENDED METHOD 
The method finally used is in brief as follows: 
Preparation of Samples: The raw meat is ground twice through 
a meat chopper with a medium cutting plate after the removal of 
all visible fat and easily recognized cartilage. Take duplicate 100- 
gram samples for determination. 
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After the removal of visible fat and cartilage the meat to be 
cooked is weighed and a chemical thermometer inserted with the 
bulb as near the center of the meat as possible. Cover with an excess 
of cold distilled water (two liters), bring to boiling point in 10 min- 
utes, keep broth at that temperature until the inner temperature of 
the meat reaches 85°C.(185°F.). Remove meat from the broth, cover, 
cool, and weigh again. Grind, take 50-gram duplicate samples, and 
from this point the raw and cooked samples are treated in the same 
fashion. Measure the volume of the broth and determine nitrogen 
in an aliquot. 

Water Extraction: Place each sample in a ball mill containing 
18 pebbles about one inch in diameter, with 300 ¢.c. of distilled water, 
and grind for 90 minutes. Wash the meat on a 100-mesh sieve seven 
times with 100-c.c. portions of water at 40 to 50°C.(104 to 122°F.). 
Pass the filtrates through linen on a Biichner funnel without suction 
and return the finely divided granular material so obtained to the 
meat residue. 

Hydrolysis of Collagen to Gelatin: Transfer the meat and granu- 
lar material to an 800-c.c. beaker with 400 ¢.c. of distilled water, 
cover with a watch glass, and heat beaker and contents in an auto- 
clave at 15 to 18 pounds pressure for two hours. Release the steam 
gradually and cautiously, take out the beaker five minutes after 
removing the cover of the autoclave. Pour the hot supernatant liquid 
through linen on a Biichner funnel. Return the meat to the beaker 
with 100 ¢.c. of hot water. Boil rapidly for one minute with con- 
stant stirring. Filter again through linen on the Biichner funnel. 
Repeat the boiling and filtering five times for the raw samples, six 
times for the cooked samples. Concentrate the combined filtrates to 
500 ¢.c. and take aliquots for total N determination. 

Test for Non-Collagen N: If any of the filtrates are milky after 
concentration, they should be heated on the steam bath under a reflux 
condenser or funnel for two or more hours with 10 ¢.c. of .1 N H.SO,. 

Test each filtrate for tryptophane by mixing 25 ¢.c. with 25 e.e. 


of concentrated hydrochloric acid and .5 ¢.c. of the Ehrlich reagent 


(five per cent p-dimethylaminobenzaldehyde in 10 per cent sulfuric 
acid), ineubate the mixture for 24 hours at 37°C.(98.6°F.), and 
compare the color produced with that of .1 gram of casein hydro- 
lyzed, diluted to 25 ¢.e., and treated similarly. Only filtrates which 
contain too little tryptophane to read by this method should be ae- 
cepted as sufficiently free of non-gelatin nitrogen. 


SUMMARY 


The method of determination of collagen in washed ground meat 
by autoclaving and washing out the gelatin formed, as proposed by 
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Mitchell, Hamilton, and Haines (1928), was applied to raw and 
cooked samples of beef, shoulder fillet, rump, and sirloin butt. 

Granular residues discarded during the washing of the macerated 
meat previous to the autoclaving were found to contain collagen and 
the method was modified so as to return these residues to the washed 
samples. 

The cooked meat in practically all cases, both with and without 
the residues, contained less collagen than did the raw meat. Without 
residues the raw meat had five to eight per cent of its nitrogen as 
collagen nitrogen and the cooked, three to six; with residues the raw 
had eight to 17 per cent and the cooked, six to 12 per cent. 

The loss of collagen, presumably through hydrolysis to gelatin 
during the cooking was greater in the samples cooked for the longer 
periods, whatever the cut and whether boiled in excess water or baked. 

No significant differences in collagen content could be seen among 
the four euts studied. 

The clearing of the filtrates to remove non-gelatin nitrogen was 
attempted by prolonged heating alone or with dilute acid and by salt- 
ing with NaCl, ZnSO,, and Na,SO,. Only small reductions in fil- 
trate-nitrogen content were produced by these methods except for 
salting with Na,SO, in all cases and NaCl in one ease. Since gelatin 
was found tc be thrown down nearly completely by saturation of 
pure solutions with Na,SO, this method of clearing the filtrates was 
disearded. 

Tyrosine and tryptophane determinations were made on many 
of the fiitrates as well as on the raw and cooked meat in order to 
determine the non-gelatin content of the filtrates and the amount 
of the non-collagen proteins of the meat represented therein. In 
only a few cases was there enough tyrosine and tryptophane in the 
filtrates for quantitative determination. The tyrosine content of the 
cooked meat appeared to be greater than that of the raw meat but 
the tryptophane vaiues were variable. 

Solution of non-collagen proteins by urea was attempted but was 
not successful. 

In 23 experiments in which the technique was considered satis- 
factory 22 per cent of the collagen nitrogen of the raw meat was lost 
during cooking. This difference was little affected by correction for 
non-gelatin nitrogen of the filtrates when the latter were properly 
cleared. 

It is concluded that the collagen content of both raw and cooked 
meat may be determined by the method suggested and that the loss 
of collagen of cooked meat may be useful as a measure of the ten- 
dering produced by the cooking. 
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Skim milk and whey are dairy by-products for which wider use 
in human foods has been sought. This paper is concerned with the 
technical problems of using skim milk and whey in making pre- 
eooked, dried soups which may be quickly prepared for use by 
heating the soup powder with water. The work was confined largely 
to a study of the factors involved in the preparation of pea and 
bean soups and to the development of suitable formulas. Since the 
data obtained for both kinds of soup followed a similar pattern, 
only those on pea soup are presented. 

The following problems involved in the preparation of a dried 
soup were investigated: (1) what proportion of skim milk or whey 
to use; (2) how to blend various ingredients to yield a good-flavored 
soup; (3) how to produce a soup of maximum viscosity with mini- 
mum solids; and (4) how to insure keeping quality. 


EXPERIMENTAL WORK 

Fresh Swiss-cheese or Cheddar-cheese whey and skim milk were 
used in these experiments. Dry navy beans or split peas were treated 
by soaking overnight and cooking in fresh water until soft. During 
the cooking period such seasoning materials as celery, salt pork, 
meat stock, and butterfat were added. The mixture was then pulped 
and strained to a fineness sufficient to pass through the nozzle of a 
spray-drier. This nozzle was so constructed that it would pass parti- 
cles up to approximately one-eighth of an inch in diameter. The 
vegetable mixture was stirred into skim milk or whey, and the whole 
mixture was then preheated to 70°C.(158°F.) and spray-dried. This 
spray-dried mixture was the basic component from which finished 
soup powders were made. 

In the course of the experiments it was discovered that the vis- 


cosity of a reconstituted, dried-pea soup could be greatly increased 
by substituting for part of the cooked pea powder a mildly roasted 
pea powder prepared as follows: 

Small batches of approximately 900 grams of split peas, previ- 
ously cleaned of all foreign material, were placed in an electric oven 
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provided with a revolving wire drum. The oven was maintained at 
150°C.(302°F.) while the drum was revolved at the rate of 110 
revolutions per minute. This procedure ensured uniformity of roast. 
After the peas were roasted for a definite length of time, they were 
removed from the drum and cooled by spreading them in a thin layer. 
The roasted peas were then pulverized for six hours in a ball mill, 
thus producing a powder which would pass an 80-mesh sieve and 
which contained many particles that would go through a 150-mesh 
sieve. 

Viscosity studies were carried out on mixtures of the raw and 
roasted powders with water and also on the finished soups. Samples 
for viscosity measurements were prepared by weighing pea powder 
and water into No. 1 tin cans. The cans were sealed and shaken 
thoroughly. They were then immersed in water at 30°C.(86°F.) in 
a steam sterilizer equipped with a revolving reel which was kept in 
motion. Steam was introduced to raise the temperature of the water 
to boiling in 15 minutes; this temperature was maintained for 15 
minutes and then reduced to 30°C. within seven minutes. The cans 
were held at the lower temperature for eight minutes. 

Viscosity measurements were made at 28°C.(82.4°F.) immediately 
after vigorously shaking the cans in a uniform manner to break down 
the structure. The MacMichael viscosimeter was used for the viscosity 
determinations, and readings were taken after revolving the cup for 
exactly one minute as determined by a stop clock. It was observed 
that the numerical value of the dise readings on the more viscous 
samples continued to decrease even after the one-minute interval. 
This indicated that the samples still possessed some structure and 
that, therefore, their viscosities had not been reduced to the basic 
values. While the values were only relative, they indicated quite 
effectively the variations in the thickness of the different samples. 

Dried soups were stored in sealed containers at room tempera- 
ture and examined at frequent intervals for flavor and keeping 
quality by tasting reconstituted, heated samples. 


DISCUSSION OF RESULTS 

A study of the dried soups made with different quantities of 
whey or skim-milk solids indicated that the optimum concentration 
of these ingredients was 25 per cent of the total soup solids. Skim 
milk produced more milk flavor and a heavier body in the reconsti- 
tuted soup than did an equal amount of whey. When the whey solids 
in a dried soup exceeded 25 per cent of its total solids a pronounced 
whey flavor was noticeable in the reconstituted soup. If the skim 
milk or whey solids in the dried soups were less than 10 per cent, 
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the favorable effect of these constituents on body and flavor of the 
reconstituted soup was slight. 

The production of a precooked, dried soup possessing water- 
absorbing qualities, and hence high viscosity in the reconstituted 
product, required special methods. When pea soup of 16 per cent 
total solids and a viscosity of 700 centipoises was spray-dried and 
subsequently reconstituted, it commonly exhibited a viscosity of less 
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Fig. 1. Relationship between viscosity and time of roasting of ground split 
pea-water mixtures. Concentration range of pea solids is 3.8 to 8.5 per cent as 
indicated on each curve. Dotted line represents the viscosity of a 16-per cent 
solids soup containing 3.8 per cent roasted, ground split pea. 


than 50 centipoises. Since the protein of skim milk and whey did not 
surrender its water-holding ability as a result of spray-drying, the 
adverse effect upon the viscosity of pea soup was assumed to be due 
to a change in the pea carbohydrates. It is well known that the 
cooking and drying of starches from potatoes and grains causes them 
to suffer a striking loss of their hydrophilic properties. 

Means were sought to compensate for the loss in viscosity of 
spray-dried soups other than by the use of starch or foreign thick- 





268 G. A. RAMSDELL AND B. H. WEBB 


ening agents. It was found possible to produce a very thick soup 
by adding to a suitable spray-dried mixture raw peas that had been 
ground to a powder. However, a raw flavor persisted in the soup 
even after cooking for one hour. This flavor was considerably dimin- 
ished but not entirely eliminated by the addition of sodium bicar- 
bonate to the mixture before cooking. It was then discovered that 
by adding properly roasted split peas, as previously described, the 
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Fig. 2. Relation between viscosity and concentration of mixtures of split peas 
and water and of soup mixtures. 
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A. Split pea, roasted at 150°C.(302°F.) for 45 min., ground. 
B. Split pea, raw, ground. 
C. Complete skim-milk soup consisting of a mixture of roasted, ground pea, 
spray-dried soup powder, salt, and dry flavoring. 
. Complete whey soup consisting of a mixture of roasted, ground pea, 
spray-dried soup powder, salt, and dry flavoring. 
. Split pea, soaked, cooked, and strained. 
. Split pea, soaked, cooked, strained, and spray-dried. 
. Complete soup similar to D but with cooked, strained, spray-dried pea 
substituted for roasted pea. 


raw flavor was replaced by a slightly roasted flavor and the hydro- 
philic nature of the material was retained. 

The relationship between viscosity and roasting time of several 
concentrations of split pea-water mixtures is shown (Fig. 1). These 
data indicate clearly that the optimum roasting time of about 35 to 
45 minutes for ground split pea-water mixtures gave a powder with 
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a maximum water-holding capacity. The structural effects which de- 
veloped in these mixtures affected the accuracy of the measurements 
but much care was used to maintain uniform conditions of measure- 
ment, and the values obtained were therefore comparable with one 
another. 

A study was made of the effect upon viscosity and flavor of the 
soups of substituting roasted pea powder for part of the spray-dried 
pea powder. Such soups were compounded and spray-dried in the 
usual way, but that portion of the split peas or beans which was to 
be roasted was withheld in the raw state for such treatment. The 


TABLE 1 
Composition and Viscosity-Concentration Relationship of Mixtures 
Shown in Fig. 2 





Cooked spray-dried mixtures | : 
Roasted 8 te : anes ____| Concentration 
' : pea, 8 rori | required to 
Curve designation 150°C, peed Fat, om, es: produce a 
(Fig. 2) (302°F.) |Strained Ka mixture of 
for pea Skim medium 
45 min. Whey milk viscosity 


pet. pet. ; pet. pet. 
A—Roasted pea | 100 on sie on 
B—Raw pea es _— oe ee Pf 
C—Skim-milk soup.......... | 20 | 42 ve 15.3 
D—Whey soup 20 42 d ae 16.2 
E—Cooked pea EME ia on ston 17.9 
F—Cooked pea, dried... _ sae 100 pen me 20.2 
G—Whey soup oe | 62 38 = >24.0 


spray-dried and roasted, ground portions were then combined to 
produce the finished soup powder. 

Large quantities of roasted ground peas imparted a peanut-like, 
and even bitter, flavor to the soup, depending upon the degree of 
roasting and the amount used. Roasting at 150°C. for 45 minutes 
proved the .best method of treatment, more heat yielding a thin off- 
flavored soup and less heat a raw-flavored product. Roasted pea 
(150°C. for 45 min.) was used in quantities up to 20 per cent of 
the weight of soup-powder mixtures without the flavor being ad- 
versely affected. 

Data on the relationship between viscosity and concentration of 
aqueous split pea and soup mixtures are presented (Fig. 2); meas- 
urements of the viscosity of miscellaneous soup samples indicated 
seven poises to be a desirable viscosity. The composition of each mix- 
ture and the concentration required to produce a product of medium 
viscosity is shown (Table 1). The effectiveness with which the dif- 
ferent mixtures absorbed water decreased rapidly from Samples A 
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to G. Sample D containing roasted pea was a much heavier-bodied 
soup than Sample G prepared with cooked in place of roasted pea, 
a circumstance which indicates that the use of roasted pea in this 
connection is highly advantageous. The skim-milk soup (Curve C) 
required approximately a one-per cent lower solids concentration than 
the whey soup (Curve D) when the two were reconstituted to soups 
of the same viscosity. 

A study of the viscosity-concentration relationship of navy-bean 
soups showed that the viscosity values and other relationships were 
approximately the same for dry beans as for dry split peas. 

The dried-pea and dried-bean soups exhibited excellent keeping 
quality. Dried soups containing from five to eight per cent butter- 


TABLE 2 


Dry soup composition 


Dry mix by weight 


No. Ingredients 


Pea 


pet. 
Vegetable roasted at 150°C.(302°F.) 45 min., 
ground to 80-mesh 
TROT WOO GE TINE HO oaccicisesscciccesccsssnccoressornvece - 
Cooked, strained beans or peas 
Whey or skim-milk solids 
Salt pork or butterfat* 
Flavoring materials: 
Salt 5. 5.0 
0.9 
0.1 


1 While the fat content of the soups may be varied up to 10 per cent, the lower fat 
mixes are less susceptible to the development of off-flavors during storage. 


fat did not develop off-flavors during nine months of storage at 
room temperature, 25 to 30° C. (77 to 86° F.). The anti-oxidant 
properties of raw and roasted split-pea powder were tesied by 
mixing intimately and storing ground split-pea and whole-milk 
powder. It was found that both raw and roasted pea powder in 
concentrations of four and one-half per cent of the dried soup or 
milk prevented the development of off-flavors. The raw pea was 
more effective than the roasted product in this respect. 


DIRECTIONS FOR PREPARING DRIED SOUPS 


The powder should be compounded from three basic dry mixtures: 


1. Roasted, ground peas or beans. 

2. Spray-dried mixture composed of the whey or skim milk, cooked peas 
or beans, fat, and fluid flavoring ingredients. 
Dry flavoring ingredients, salt, and pepper. 





UTILIZATION OF SKIM MILK AND WHEY IN SOUP 

Cook the peas or beans used in No. 2 in water until soft. Spray-dry 
the mixture shown in No. 2 and combine the three dry mixtures in 
the proportions given (Table 2). To reconstitute a soup from the 
formulas (Table 2), add water to give a mixture of 16-per cent solids, 
mix while heating to the boiling point, and serve. 

Peas or beans cooked in whey are hardened by its high caleium 
content. 

Meat stock may be added to No. 2 before cooking. 

Dry flavoring materials of a volatile nature should be added to 
the finished powder rather than to the mix before spray-drying. 


SUMMARY 

Skim milk and whey improved the body and flavor of spray- 
dried soup mixtures when used in quantities up to 25 per cent of 
the weight of the dry mix. 

Roasting beans and peas at 150°C.(302°F.) for 45 minutes and 
grinding them to a powder produced products of much greater water- 
absorbing capacity than was obtained by cooking and spray-drying 
these vegetables. When 20 per cent of a complete soup powder con- 
sisted of roasted in place of cooked vegetable, the concentration of 
powder necessary to produce a soup of medium viscosity was reduced 
from about 24 to 16 per cent. 


Formulas were developed for dried-bean and dried-pea soups. 
Such powders, reconstituted with water to 16 per cent solids and 
heated to boiling, produced well-cooked soups of medium viscosity. 
The dried soups containing up to eight per cent of salt-pork fat or 
butterfat developed no off-flavor during nine months of storage at 
room temperature. 








A STUDY OF HAM SOURING 
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The problem of ham souring has received considerable attention 
in this country because of its great economic importance. When the 
work reported here was started in 1930 the Bureau of Animal Indus- 
try of the United States Department of Agriculture estimated the 
nation’s losses from sour hams during the fiscal year ending June 30, 
1929, at about one million dollars annually, Mohler (1929). 

There is some brief but important literature on ham souring 
issued by the Bureau of Animal Industry—McBryde (1911) and 
Boyer (1926)—and by the Institute of American Meat Packers re- 
search laboratory—Reith (1926), Moran (1929), and Tucker (1929). 
Briefly, this literature indicates that the Clostridia are the spoilage 
organisms and that general sanitation and rapid chilling of careasses 
following slaughter are essential to the prevention of ham souring. 
Reith’s work (1926) would lead us to believe that nonpathogenic 
aerobes and anaerobes are present in the musculature and blood of 
apparently normal animals. 

Our data, as will be seen in this report, indicate strongly that 
bacterial invasion of tissues of hams, and other portions of the hog’s 
careass, is agonal (occurs during the dying period) and post mortem 
in most instances, 


REVIEW OF LITERATURE AND OBSERVATIONS ON HAM SOURING 


It is apparent that the portal of entry of spoilage microdrganisms 
into hams or the eareass is the main problem of the bacteriologist in 
this work. The refrigeration aspects of the pork-block operations 
will be mentioned later in connection with the general problem. 


There is very little information available as to the occurrence of 
bacteria in tissues and blood in healthy persons, Topley and Wilson 
(1932). However, some writers—Norris and Pappenheimer (1905), 
Arnold (1928), and Burn (1934a, b)—state that there is definite 
evidence indicating that tissues may not always be sterile in normal 
human beings. There are relatively numerous reports dealing with 
the question of sterility of tissues of normal food animals. Most of 
the early work on bacteriology of tissues of normal animals indi- 
cates that tissues, especially muscle, are sterile—von Fodor (1886), 
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Hauser (1886), Neisser (1896), Opitz (1898), Messner (1910), 
Amako (1910), Wyssokowitsch (1886), Thole (1912), Haas (1922), 
and Kiister (1928). 


Other workers have reported the presence of a variety of mi- 
erobes in the blood, viscera, and muscular tissues of healthy animals 
—Conradi (1909), Bierotti and Machilda (1910), Wrzosek (1903), 
Bzegocinski (1903), Horn (1910), Carriere and Vanverts (1899), 
Ford (1901), Boni (1901), Saski (1907), Wolbach and Saiki (1909), 
Grunt (1912), Bugge and Kiessig (1911, 1919), Reith (1926), Selter 
(1906), Zwick and Wiechel (1911), Boyer (1926), Moran (1929), 
and Spray (1922). 


It is apparent, then, that much speculation has arisen concern- 
ing the mode of entry of the spoilage bacteria. Tanner (1932) writes: 
‘*Some have argued that the presence of bacteria is due to contamina- 
tion; they gain entrance to the tissues during the manipulation of 
slaughter and dressing. Others claim that bacteria penetrate the in- 
testinal wall and are earried to various parts of the body by the 
blood. The subject is controversial at present.’’ 


In order to present to the student a working concept of ham 
souring, we must differentiate the types of ‘‘sours’’ anatomically as 


well as bacteriologically. One must thoroughly acquaint himself with 
the blood supply, osteology, and musculature of the ham as well as, 
in a general way, with the circulatory system of the hog. 


There are siz types of sour hams. The commonest type is known 
as ‘‘shank sours.’’ At this point we wish to quote Tanner’s (1932) 
words: ‘‘The term ‘sour’ is used in the packing industry to indicate 
a condition of putrefaction, and not formation of acidity as might be 
expected.’’ The shank sour occurs in the tibial bone marrow and is 
caused by a variety of bacteria able to grow at temperatures below 
3.3°C.(38°F.). Some bacteria, which will be described later in this 
report, produce sour marrows in 10 days, most produce them in 30 
days, and some in 60 days in ‘‘nonvascular’’ sweet-pickle cure. In 
vein-pumped cured hams the meat is cured within 20 days. 


Another type of sour is known in the industry as ‘‘body sours’’ 
or ‘‘loin sours’’ which connotes souring of the meat, not bone mar- 
row. There are also ‘‘aitchbone sours’’ (portion of the os pubis re- 
maining on the ham), ‘‘stifle-joint sours’’ (articulation of femur 
and fibula-tibia), ‘‘body-bone sours’’ (femur marrow), and ‘‘butt 
sours’’ (butt between aitehbone and muscle). It is apparent that 
prevention of all types of the above-mentioned sours probably can- 
not be accomplished by employing a single method. 
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INVESTIGATION OF THEORIES 


The following causal theories, current in the industry, have been 
brought to our attention and have been investigated during the past 
decade without finding many promising indications for solution of 
the problem of preventing ham souring: 


1. Faulty exsanguination of the hog. 

(a) Not bled long enough because of demand for hogs on dressing 
chain, or a too-short bleeding rail. 

(b) Severing carotid and jugular vein; too small a ‘‘stick hole’’ for 
‘“bleeding out.’’ 

(e) Too large an incision in (b). 

Improper chilling. 

(a) Frozen shanks not permitting pickle to enter when put down into 
cure. 

(b) Failure to obtain proper curve in chilling time in a scheduled six- 
to-seven-hour chill. 

Contamination through salt used in pickling solution. 

1mploying ‘‘second’’ or used pickle from vats previously showing sours. 

Excessive beating by dehairing machine, especially in shank or tibial 

region. 

Mutilations—bruises, cuts, and also tears—during processing of hams. 

There was no increase in sours in 1,402 of such hams observed during 

the study. 

Shackling hogs on bleeding rail, right foot and left foot. 

Shackling hogs on dressing rail, right foot and left foot with tendons 

eut and hanging from gambrel sticks. 

Holding carcass on killing floor too long at high temperatures. 

Failure of salt and curing ingredients to penetrate into marrows. 

‘*Mild eure’’ or less salt in pickle failing to inhibit bacteria. 

Rickets of tibia of winter litters of hogs developing faulty structures. 

Poor-quality hogs. 

Open marrows of tibia allow rapid penetration of curing ingredients 

while regular closed-bone marrows sour before pickling solution enters. 

Holding hams for grading or ‘‘averages’’ before putting them into cure. 


Faulty Exsanguination of the Hog: The first theory listed has 
been subjected to many tests over a period of four years. Hogs have 
been bled from large and small incisions and have been dropped into 
scalding vats immediately after sticking or 15 minutes after sticking. 
The statistical sample here represents over half a million hams. There 
are no indications that ‘‘bleeding out’’ properly is a factor in ham 
souring. There are factors in the exsanguination of food animals, 
however, that have thrown some light on contamination of hams and 
bone marrows. These factors will be dealt with in detail under ‘‘ Lab- 
oratory Methods, ete.’’ 

Improper Chilling: In the case of Theory 2, improper chilling, 
we feel there are some indications that adequate refrigeration is very 
necessary. On the other hand, we are dealing with such psychrophiles 
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as Clostridium putrefaciens which grow well at freezing temperatures 
and do not grow at high temperatures. The concept of ‘‘ proper chill- 
ing’’ is a cherished orthodox belief in the packing industry, and it 
is the operation invoked at all times to combat shank sours. We have 
never observed the efficacy of an ideal six-hour chill curve in pre- 
venting marrow sours owing to such psychrophylic bacteria as Cl. 
putrefaciens. 

The air temperatures and careass temperatures during 24 hours 
of chilling are illustrated by a curve (Fig. 1) which is usually spoken 
of as an ‘‘ideal curve’’ for No. 1 hogs. 


IDEAL CHILLING CURVE FOR 
NO. 1 HOGS. LIVE WT. 120-200 LBS. 


Air Temp. 

Ham Flesh 
Shoulder 
Marrow of Tibia 
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One of our plants chilled 2,140 hams according to the schedule 
(Fig. 1); sour shanks and aitchbones for the day in that plant aver- 
aged 5.9 per cent. We observed 137 shank sours and 31 aitchbone 
sours, or 7.64 per cent sours. In another test using 1,266 hams, fol- 
lowing the ideal-chill curve, we found 73 sour shanks and 23 aitch- 
bone sours, or 7.58 per cent sours. Following the ideal-chill curve 
for No. 1, No. 2, No. 3, and No. 4 hogs, we observed 23 per cent 
shank and aitchbone sours for several days of inspection. The sours 
were due to Cl. putrefaciens and were not prevented by proper chill. 

In the case of frozen shanks, when the chilling was too rapid, we 
observed the following results: 1,452 hams with frozen shanks, after 
60-day cure, showed 141 shank sours and 58 aitchbone sours, or 13.7 
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per cent sours. Control hams of the same kill but not frozen in 
shanks, 1,444 in number, showed 245 sour shanks and 98 sour aitch- 
bones, or 23.75 per cent sours. In this ease also there were no indi- 
cations of the role of frozen shanks in forming sours. 


Contamination by Salt and Other Curing Ingredients: There is 
a growing literature on salt contamination which need not be dis- 
eussed here. The incidence of sours in 4,000 hams cured with No. 2 
rock salt and 4,000 hams cured with sterile vacuum-pan salt indi- 
cated mined salt did not harbor sovring bacteria. With No. 2 rock 
salt we found 2.8 per cent shank and .83 per cent aitchbone sours. 
With sterile pan salt the incidence was four per cent shank sours 
and .83 per cent aitchbone sours. Another test showed up to 20 per 
cent shank sours using No. 2 rock salt of low count and free of 
psychrophiles. 

Curing sugar apparently plays no important role in aiding the 
growth of souring bacteria. In one test using 1,151 hams without 
sugar we observed 8.16 per cent sours. In another test using 1,281 
hams without sugar in the cure we observed 14.12 per cent sours. 
The controls (several thousand for the day’s ‘‘put-down’’) showed 
about the same percentage of sours for the respective days. 

The Bureau of Animal Industry permits the use of 100 pounds 


of sodium nitrate per 1,000 gallons of pickle. The following tests 
were made to show the influence of nitrate and nitrite on sour bones: 


100 lb. NaNO; per 1,000 gal. pickle. Standard nitrite-sugar 
Of 983 hams, 83 had hour shanks, 20 had sour aitchbones = 10.47 per cent 
sour after cure. 
500 Ib. NaNO; per 1,000 gal. pickle. Standard nitrite-sugar 
Of 1,356 hams, one had a sour shank, no aitchbones were sour = .074 per 
cent sour after cure. 
100 Ib. NaNO; per 1,000 gal. pickle. No nitrite-sugar (three tests) 
Of 2,306 hams, five per cent had sour shanks. 
Of 4,178 hams, 11.75 per cent had sour shanks, 2.01 per cent had sour 
aitchbones = 13.76 per cent sour after cure. 
Of 2,226 hams, 9.43 per cent had sour shanks, four had sour loins, 1.88 
per cent had sour aitchbones = 11.45 per cent sour after cure. 


These tests indicate that large, nonpermissible amounts of nitrate 
will suppress the bone-souring bacteria. The problem of their entry 
into the bone, however, appeared to be the only factor demanding 
attention. The phenomenon of nitrate inhibiting the growth of Clos- 
tridia is well known. 

A test was followed using sterilized pumping pickle and regular 
pasteurized pumping pickle: 

Sterilized pickle: Of 51,673 hams, 4,291 had sour shanks, 833 had sour aitch- 


bones = 9.91 per cent sour after cure. 
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Regular pickle: Of 28,911 hams, 2,521 had sour shanks, 650 had sour aitch- 
bones = 10.97 per cent sour after cure. 


Another test using a larger number of pieces gave these results: 
Sterilized pickle: Of 131,430 hams, 14,464 had sour shanks, 4,080 had sour 
aitchbones = 14.11 per cent sour after cure. 
Regular pickle: Of 103,584 hams, 13,206 had sour shanks, 4,141 had sour 
aitchbones = 16.75 per cent sour after cure. 
These tests prove that the pickle is not a regular factor in bone- 
marrow sours. These were all Cl. putrefaciens sours. As will be 
shown later in this report, the type of souring bacteria changed; 
we have not encountered Cl. putrefaciens in any plant since 1937. 
When pickle was pumped directly into the marrows, we observed 
the following results: 
Of 944 hams, 19 had sour shanks, 55 had sour aitchbones = 7.83 per cent sour 
after cure. 
Of 770 hams, 18 had sour shanks, 18 had sour aitchbones = 4.68 per cent sour 
after cure. 
Control not pumped: 
Of 480 hams, 64 had sour shanks, 30 had sour aitchbones = 19.58 per cent 
sour after cure. 
The pickle exerted some effect in this test but indicated nothing use- 
ful for commercial application. 


A test was made by drilling two holes in the tibia and two holes 

in the aitchbone of the hams. The following results were observed: 

Two holes in shank—1,564 hams—207 had sour shanks, 124 had sour aitch- 
bones, 73 had sour loins = 25.8 per cent sour after cure. 


Two holes in aitechbone—821 hams—145 had sour shanks, 55 had sour aitch- 
bones, 33 had sour loins = 28.4 per cent sour after cure. 

Control—1,102 hams—104 had sour shanks, 45 had sour aitchbones, two had 
sour loins = 13.7 per cent sour after cure. 


In this test also, we found no method to prevent sours. 


Shackling and Sours in Right and Left Hams: The hogs are 
shackled by either foot on the killing and bleeding rail. Statistical 
sampling showed that there was no preponderance of left feet shack- 
led, but of the total number of shank sours observed, 86,045 were 
left hams and 51,487 were right hams. We have not attached any 
significance to the greater number of left-ham sours. 


Other Theories: There are many other theories current and 
upheld by the ‘‘practical,’’ nontechnical men in the industry. We 
investigated these theories without uncovering any clues as to the 
cause, i.e., portal of entry, and prevention of sour marrows. We have 
not included these data in the interests of space and time. 
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LABORATORY METHODS TO DETERMINE IF MARROWS AND MUSCLES OF 
NORMAL HOGS ARE INFECTED ANTE MORTEM OR POST MORTEM 


If we uphold the ante-mortem infection theory, the problem, as 
indicated above, becomes a refrigeration-engineering problem to a 
large extent, and whatever spoilage occurs must be considered una- 
voidable. However, our work directed us to view the invasion of 
bacteria as agonal and post mortem rather than ante mortem. Our 
first biopsy studies were conducted as follows: 

With the aid of Dr. L. D. Frederick, veterinary surgeon, seven 
prime normal hogs weighing 200 to 300 pounds each were anaesthe- 
tized. Chloral hydrate and ether were used as the anaesthetic and the 
hogs were kept under complete anaesthesia by continuous use of ether. 
The operating room was completely washed and then sprayed with 50- 
per cent glycerol solution. Equipment, instruments, gowns, ete., were 
rendered aseptic and sterilized in the routine standard manner. One 
dozen exposed agar plates (Difco-North gelatin agar) were placed in 
the room during the operation to estimate the air contamination. In 
case microérganisms were found in the marrow, ete., they could be 
compared with those present on the plates. Every precaution was 
taken to prevent contamination. The hogs were washed before being 
placed on the operating table. The areas of the hams over the tibiae 
were prepared for biopsy by washing five times in soap and warm 
water, shaving, applying five-per cent phenol solution for five min- 
utes, washing in 80-per cent alcohol, then painting heavily with tine- 
ture of iodine for 10 minutes, washing off iodine with aleohol, and 
applying merthiolate for 10 minutes. (It will be shown later that hog 
skin harbors large numbers of spores and vegetative forms and that 
other workers have not fully evaluated this fact when reporting ante- 
mortem infection of hogs.) The incision was made over the inner 
aspect of the right or left tibia. A swab was made of the incision 
and planted in dextrose brain broth tubes. The tibia was then 
opened and the marrow pipetted out into large tubes of glucose 
brain broth. The marrow is liquid, of course, in the living animal. 
The sponge bone at the large end of the tibia was chiseled out and 
placed in brain broth. Specimens of muscle (eight to 12 grams) 
were taken and placed in large tubes of glucose brain broth. Fifty 
cubie centimeters of blood were taken from each hog (surgical field) 
and planted into one liter of veal infusion broth to dilute the anti- 
baeterial factor of fresh serum. These cultures were incubated two 
weeks at 37°C.(98.6°F.). The bone was then packed with cotton 
and the skin sutured tightly and painted heavily with sterile ‘‘new 
skin’’ Celloidin. The animal was immediately taken to the hog- 
killing floor, hoisted, stuck and bled, washed, dehaired, dressed, and, 
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before being chilled, the ham was removed from the ecarcass and 
taken to the laboratory where it was cultured aseptically as de- 
seribed above. We then had a comparison of ante-mortem and post- 
mortem bacteriology of the ham. The carcasses were tagged by the 
B.A.I. and tanked. 


It will be observed (Table 1) that hog No. 2 harbored a Hemo- 
philus sp. throughout the tissues tested for bacteria. This type of 
organism is obviously not a spoilage organism. None of the bacteria 
found during biopsy was known to be the ham-souring bacterium 
described by MeBryde (1911) as Clostridium putrefaciens or other 
Clostridia described in the papers cited above. However, the autopsy 


TABLE 2 


Bacteria on Two Square Inches of Neck Skin Where Jugular Vein Is Stuck 


Total number (unwashed hogs) 


Hog ee 
Aerobes Anaerobes 

1 500,000,000 200,000,000 
2 100,000 1,000,000 
eS By wee 500,000 
4 6,000,000 120,000,000 
5 134,000,000 | 4,000,000 
6 1,500,000,000 2,000,000,000 
7 500,000 10,000 
~ 240,000,000 190,000,000 
9 6,000,000 750,000 

10 1,500,000 340,000,000 


material showed Clostridia, Achromobacter, micrococci, diphtheroids, 
Pseudomonas, genus Bacillus, Proteus, and torulae. Reith’s (1926) 
data show that bacteria may be isolated with regularity from blood 
and muscular tissues of healthy hogs and other animals. We believe 
that our surgical technique, especially the thorough cleansing of the 
hog’s skin, accounts for the failure to find souring bacteria in the 
blood, marrow, and muscle of the living normal prime hog. The bae- 
teriology of hog’s skin is shown (Table 2). 

In this test the skin was excised on the killing rail and then 
cut up and shaken one hour with sterile broken glass in dilution 
water in a rapid shaking machine. 


Of the anaerobes, most forms were Clostridia; identifications 
were made following the protocols of Ivan Hall. 


The species of Clostridia identified are indicated roughly (Table 
3); the per cent of each species represents an average of 10 skins. 
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When the hog’s skin was prepared by thorough washing with 
soap and water, shaving, and then applying mercurochrome, cultures 
were usually found to be positive when testing muscle, blood, and 
marrow. The skins, when excised and cultured, showed bacteria im- 
bedded superficially. The numbers on two of these skins were 50,000 
aerobes and 600 anaerobes per square inch on the first hog, and 
10,000 aerobes and 100 anaerobes per square inch on the second hog. 


We will show later that certain normal prime hogs do harbor 
bacteria in their blood, organs, and muscle, but such bacteria are 
not concerned with ham souring. 

The next logical step in our researches was to determine the 
contamination occurring from the stick knife on the killing rail. The 


TABLE 3 


Clostridia on Unwashed Hog Skin 





pet 
ere NINN 5s 0 es sd saceconsesemutdenaresiupeaionseioueynnieinesecsuapendenssesedsuneuhiewel 25.0 
Cl. putrefaciens 12.0 
Cl. putrificum........ ipa eae adi nl aes Mencecad ad ened iaaeh oer aaa ibaa aieceeTtias 0.5 
ie I sasincssioronveredencoteriiercctscntarrssolecedeseisnontenecen (icsiieebaereeenerioens 10.0 
ie ais dadaiuitiaccharconennbcesvcabncdchaasintinetbindlaseiienaiiteunntieidnainuiaaesens 3.0 
EE | aR TE ea Oe ea aT en aE ToT EE 0.5 
RE CO) CI oi consconcncevscosncsocesevsnncccceseosstbaserresss 10.0 
(No Cl. botulinum) (b) fermentative..................cccccccccccsccscecccsscssccees 24.0 

100.0 


sterilized blade of the stick knife, when passed through a piece of 
excised neck skin of the hog up to the hilt of the instrument with 
the blade immersed into 100 ¢.e. of sterile hog serum (filtered) with- 
out withdrawal from the skin, disseminated large numbers of bae- 
teria into the serum (Table 4). 

The bacteria sent into the circulatory system by means of the 
stick knife (which is wet and ordinarily heavily contaminated with 
spores) are not few in number, nor is the dilution of them as great 
as one would suspect. If we take the blood weight of a 250-pound 
hog as seven per cent, we would have 17!4 pounds of blood. The 
serum or liquid of blood comprises 68 per cent by weight; the cor- 
puseles, 32 per cent. Hence, the diluent blood in a 250-pound hog 
is, roughly, 12 pounds of serum or nearly one and one-half gallons 
of actual liquid. If the knife blade introduced into the circulation 
only 50,000 bacteria, the circulating blood could contain over a 
dozen bacteria per cubic centimeter, since phagocytosis would not 
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necessarily eliminate many bacteria in the short span of life after 
sticking. The blood remaining in a slaughtered animal varies in 
different areas (muscle 6 to 20 per cent; bones 2 to 8.4 per cent; 
kidneys 1 to 2 per cent). 

We assume, of course, that the blade, as it pierces the jugular 
vein (and sometimes the carotid), is washed with arterial and ve- 
nous blood returning the short distance to the heart. A study of 
any good anatomical atlas of the hog, showing the circulatory system, 
will enable the reader to follow our argument. 


TABLE 4 


Contamination of Serum From Blade 


Experiment Aerobes Anaerobes 
1 500,000 1,000,000 
2 2,500,000 3,000,000 
3 5,000,000 11,000,000 


That the blood actually is contaminated from the knife is proved 
by the following observations and tests: 

(1) When the hog is driven to the shackling pens, shackled, hoisted, and 
moved to the sticker’s platform, the rate of heart beat is increased a great 
deal. Concomitantly, the coursing of blood is more rapid. Breathing is likewise 
accelerated. 

(2) When the hog is stuck, arterial and venous blood sweeps over the con- 
tuminating blade, returns to the heart, and is pumped throughout the arterial 
system. 

The heart beats two to nine minutes after the stick wound is 
made; this will be discussed later. We have timed the death of many 
hogs with a stop watch and find that the hog does not die until at 
least 40 seconds have elapsed, i.e., no visible movement of the animal 
can be detected. 

Some hogs contract their heads in the direction of their fore- 
legs and thus withhold a good deal of the blood flow for five to 15 
seconds, allowing more arterial and venous blood to reach the heart 
and be circulated eventually in the arteries. 

A negative pressure may be set up in the severed or pierced 
vessels, owing to the labored breathing accompanying exsanguination 
(oxygen starvation). The flow of the pooled blood and blood within 
the vessels is towards the heart. 


BACTERIOLOGICAL PROOF OF HEMATOGENOUS CONTAMINATION 

OF BONE MARROW 
(a) Six hogs were prepared for bleeding by cutting away a portion of the 
neck skin with one knife and sterilizing the exposed superficial fascia with aleo- 
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hol. A sterile stick knife was then dipped into a culture of Cl. sporogenes’* and 
plunged into the neck in the usual manner. The six hogs were allowed to bleed 
on the rail for the standard time (12 minutes), then dropped into the scalding 
vat and passed through all operations, including 24-hour chill. 

The shoulders and hams from these six hogs were ‘‘ boned out’’ and the bones 
taken to the bacteriological laboratory. The bones were immersed in tincture of 
iodine for 15 minutes or longer and then sawed through, near the epiphysis of 
the tibia in the case of the hams, and through the ulna and radius in the ease 
of the shoulders. 

Tests made of the saw blade showed the blade to be sterile for each operation. 

All the marrows of the tibia and the radius and ulna were put into large tubes 
of glucose brain broth (8” x 1”) and incubated at 36.7°C.(98°F.) for two days, 
and afterwards two weeks at 20°C.(68°F.). The marrow fat melted in the in- 
cubator and was disseminated through the medium several times. In this experi- 
ment the marrows of all 12 shoulder hams were absolutely sterile (two weeks’ 
incubation) and four tibia marrows of the regular hams contained pure cultures 
of Cl. sporogenes. The remaining tibial marrows were sterile after two weeks’ 
incubation at 98°F. and an additional two weeks at 68°F. Cl. sporogenes was 
identified by following standard anaerobic technique. 

(b) Six hogs of various weights, both light and heavy, were prepared for 
experiment as described above. The culture used to contaminate the blade was 
broth culture of a peculiar variety of B. prodigiosus* which fails to reduce 
nitrates. The hams and shoulders were boned out after the carcasses had passed 
through routine operations including chilling for 48 hours. 

Of the 12 shoulder marrows, one showed the presence of the red pigment 
producing bacillus. One tibial marrow of the 12 hams showed pure culture of 
this peculiar microdrganism. The shoulder and ham marrows showing B. pro- 
digiosus were from the same hog (250 pounds). The marrows were placed in 
large tubes of nutrient broth and, after incubation for seven days at 98°F., 
the broth was streaked on one per cent starch-nutrient agar, which enhances 
chromogenesis. 

(c) In the next experiment we used sediments of 10 large tubes of six-day 
cultures of Cl. flabelliferwm.* The cultures were grown in glucose brain broth, 
the supernatant broth was centrifugalized, and the sediments were pooled to 
concentrate the spores. 

The technique employed was the same as above. The blade was immersed 
in the milky sediment and the hogs were stuck in the usual manner. These 
hogs were bled for the usual length of time and then passed on through the 
routine processing. Hams and shoulders were boned out, taken to the laboratory, 
and immersed in tineture of iodine for 20 minutes or longer. The saw was 
sterilized and controlled as mentioned above. Of the 12 shoulder marrows and 
12 ham marrows, all showed pure cultures of Cl. flabelliferum. Identifications 
were made following the methods of the discoverers of the organisms, Sturges 
and Reddish (1926).* 


1 American Type Collection (3586). Obtained from Prof. Ivan Hall. Isolated 
from arrow in equatorial Africa. All cultures used in these experiments were 
purchased from the American Type Collection. 





? Heavily pigmented strain. Described in American Type Collection No. 989. 
* Sturges, W. S., and Reddish, G. F., 1926. No. 692—American Type Collection. 
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We attribute the high incidence of positive cultures of Cl. flabelliferum in 
the marrows to the more concentrated inoculum on the stick blade. 

(d) Six hogs of various weights were prepared in the manner described above. 
In this experiment the test organism was Cl. multifermentans. Eight of the shanks 
(marrow) showed presence of Cl. multifermentans. All 12 tibial marrows con- 
tained pure cultures of this organism. 


It appears, from these tests, that the sticking operation intro- 
duces ham-souring bacteria into the circulation, bones, and tissues. 


STERILE STICKING OPERATIONS 


The next step was to put this technique into operation on the 
killing floor, i.e., use sterile stick knives and sterile stick areas around 


TABLE 5 

Hams From Hogs Bled Aseptically in Serum Plant and Hogs Bled 
With Technique Described 

(All Cl. putrefaciens sours) 





Pieces Pieces | Pieces | 


Description of test Hams in shank |aitchbone| Sours 
marked) cure marrow | marrow 

Prime hogs, sterile stick, in serum plant pet. 

by SCruM COMPANY MEN..............cesesesssees 9 174 2 0 1.15 

Controls for hams marked 9.............0es000 site 540 36 6 7.77 
Regular hogs given sterile stick in plant 

RINT os icoiecectncoceuieespsceciatsaniowerscencnncnassances s 401 77 10 21.70 
Middle hogs, sterile stick, in serum plant 

by seruM COMPANY MEN.............cceeseeeeeeee L 88 4 2 6.82 

Control for hams marked L..............c0esse0 R 825 34 6 4.85 
Serum hogs as handled by serum com- 

RUMI, <iccncavipiandadhiaduabeeaasesbekuidannivaiiediaiaoes A 145 2 0 1.38 
Control hogs having correct six-hour 

COMNPOTREUTE on .0s.ces-covessecsssososseseseenecenevsoneeses H 391 | 48 7 | 14.06 


the jugular vein. This technique obviously brings to mind the meth- 
ods employed by the serum companies which produce hog-cholera 
serum and other immune serums. The serum companies operate 
under Bureau of Animal Industry permits, and the aseptically bled 
hogs are sent by long chain to the hog-killing floors of inspected 
plants. These ‘‘serum’’ hogs show a remarkably low number of bone- 
marrow sours out of the 30-day overhaul or 60- to 80-day total cure. 
A preliminary test for sours using ‘‘serum’’ hogs and our methods 
and controls is shown (Table 5). 
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The marrows of ‘‘serum’’ hogs were free from Clostridia in the 
20 tibial bones cultured in beef-heart tubes. Aerobes were not tested 
for. 

These tests indicated that the stick-knife operation might have 
contributed to the contamination of the ham. To rule out the pickle 
contamination, the following tests were made at the same time: 


Skinned hams, all averages, were put down in sterilized pickle. 
Of 51,673 hams, 4,291 had sour shanks, 833 had aitehbone sours = 9.91 
per cent sour after cure. 
Skinned hams, all averages, were put down in unsterilized pickle. 
Of 28,911 hams, 2,521 had sour shanks, 650 had aitchbone sours = 10.97 


per cent sour after cure. 


Since the aseptic sticking technique, we believed, was not per 
fectly adequate, a rigid method was devised for all hogs to be 
sterilely stuck and bled. The neck of each hog in turn to be killed 
was washed with soap and warm water, rinsed, shaved, painted 
with five-per cent phenol for five minutes, washed with alcohol, and 
washed in 2.5-per cent sodium hypochlorite solution. The slit, three 
to four inches long, over the jugular vein was made with a sterile 
knife. The wound was then painted with chlorine solution and the 
stick, through to the jugular vein, was made with another sterilized 
knife. Of 213 hams from these hogs, there were 24 shank and one 
aitchbone sours (11.73 per cent). The control hams (232 pieces) 
showed 21 shank and one aitchbone-marrow sours (9.48 per cent). 

A demand was made to increase the slit or incision to five to six 
inches and follow the above technique. Three hundred hogs were 
stuck in this manner (carotid often severed) and dropped into the 
sealding vat.) Of 569 hams inspected out of cure, there were 87 
shank-marrow sours and 11 aitechbone sours, or 17.22 per cent. The 
controls, killed in the usual manner with small stick holes, showed 
(300 prime hogs, 596 hams inspected) 42 shank and seven aitch- 
bone sours, or 8.36 per cent. 

Selection was made of 125 ecareasses of killed hogs showing tra- 
cheas or windpipes and gullets severed during the sticking operation. 
Of 247 hams out of cure from this source, 45 shank and two aitch- 
bone-marrow sours, or 19.02 per cent, were observed. 

The scalding vat was next placed on the ‘‘flow sheet’’ to deter- 
mine the source of souring bacteria. We observed that the hearts 
of hogs stuck by using the large incision method (five-inch slits) 
continued to beat six to nine minutes. This observation was con- 
firmed by Dr. L. D. Frederick and several other experienced vet- 
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TABLE 6 


Total bacteria per c.c. 


Sterile stick } 


Incoming 
from stick, 
right auricle 


270 
350 
1,800 
8 

0 

10 

5 
11,000 
0 


Outgoing 
blood, left 
ventricle 
0 
14 
0 
0 
No blood 
30 
75 


95 


10 

0 
No blood 

3 

0 

3 

0 


Right auricle 


550 
640 
13,000 
18,000 
120 
90 
980 
7,000 
2,300 
310 


14,000 


4,000 
1,950 
20 
12 





Bacteria in Heart’s Blood of Hogs Stuck Using Sterile Technique and Bled 20 
to 30 Minutes, and Hogs Stuck in Ordinary Manner and Bled 
Two to Four Minutes 


Ordinary stick (short bleed) ,? 
prime hogs 


Left ventricle 


170 
60 
3,000 
No blood 
45 
30 
800 
| 20 
| 1,300 
330 
800 
900 





and dehairing machine with wound open. 70Or- 
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erinarians. The hearts of 32 hogs, which were sterilely stuck and 
then held 20 to 30 minutes before being dropped into the scalding 
vats and going through processing, were examined bacteriologically 
on the viscera tables. The results of our tests and a comparison 
with 15 hearts from ordinary stick are indicated (Table 6). 


TABLE 7 
Bacteria in Heart’s Blood of Hogs Stuck Using Sterile Technique, Bled 20 
Minutes, Incision Closed, and Scalded in Hot Spray Cabinet 


Total bacteria per c.c. 


h acca re 
Hog heart Right auricle Left ventricle 


No blood 
0 
No blood 
4 
400—Wound opened 
0 
0 
0 
0 
No blood 
0 


25 
No blood 
No blood 
No blood 
0 
; 20 
or 2 1 
24 2 450—Heart cut 


25 0 


The data indicate that fewer bacteria are to be found in heart’s 
blood of sterilely stuck hogs when compared with septically stuck 
animals, but that considerable numbers of aerobes and anaerobes 
are to be found in the incoming blood up to the time the heart 
stops beating (Table 6). It will be observed that the sterile stick- 
ing method and long bleeding are not adequate measures to prevent 
contamination of the blood. 


Accordingly, a test was conducted on 25 prime No. 1 hogs in 
which the hogs were stuck sterilely, bled 15 minutes, and the inci- 
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sions were sewed up tightly; avoiding the scalding vat, the hogs 
were sprayed in a hot-water spraying cabinet to loosen hair, sent 
through the dehairing machine, and then along the chain to the 
viscera tables; the data are shown (Table 7). Bacteria were found 
more frequently in the right auricle but the percentage of hearts 
showing sterile blood was greater than we have observed, using the 
methods described previously. The data indicate that some of the 
bacteria at least may enter the animal during the bleeding operation 
and manipulations up to evisceration. 


It will be observed also (Table 7) that the heart’s blood con- 
tamination can be reduced greatly by using very rigid technique. 
Obviously this method could not be used in a practical routine 
manner. It will be shown later that other portals of entry are pres- 
ent and that in prevention of ham souring no single method is 
adequate. 


The lungs of hogs tested as shown in Table 6 (Hogs 1, 2, 3, 
and 4, ordinary stick) were highly contaminated with aerobic bac- 
teria. Such observations were made by Spray (1922) working with 
normal swine lungs at this plant. We employed his technique but 
included media for anaerobes. 


The lungs of Hogs 1, 2, 3, and + (Table 7) never showed more 
than a few colonies from the washings and swabs. These bacteria 
were genus Bacillus, Achromobacter, micrococei, Pseudomonas fluor- 
escens, Clostridium sporogenes, B. Suisepticus, and B. alkaligenes, 
and a miscellany. Bacterium coli or the coliform group have never 
been found in hog’s blood, nor to our knowledge has any investigator 
ever isolated them from a sour marrow. The reason for this phe- 
nomenon will be discussed later. 


The hams from these test hogs were studied bacteriologically and 


inspected for sours after curing. We also examined the marrows of 
the femur and the tibia of 40 fresh green hams (i.e., 24 hours’ chill 
from kill) from hogs killed by ordinary sticking procedure. Coliform 
bacteria were also sought in these marrows; the results are listed 
(Table 8). 


The data show that aerobic saprophytic bacteria of many species 
are present in the marrows of the femur and tibia before they are 
placed in the curing pickle (Table 8). The curing pickle, then, is 
not a sole vector of infection in marrow sours, although the curing 
sweet pickle on occasion may contribute to all types of ham souring. 
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TABLE 8 
Bacteria in Bone Marrows of Fresh Hams of Hogs Stuck in Ordinary Manner 








Aerobic 
Fresh plate count Presence 
ham (bacteria per gm.) of coliform 
marrows (Difco-North bacteria 
gelatin agar) 


1—F! 0 
S 0 


20 


30 


30 
20 


950 


20 


180 
10 


30 
40 


0 
0 


1,100 
1,660 


10 
140 


50 
30 


60 
10 


100 
60 


30 
10 


0 
0 


15—F 0 
15—S 0 


16—F 0 
16—S 0 


17—-F 0 
17—S Sample lost 


18—F 350 
18—S 10 


19—F 40 
19—S 0 


20—F 0 
20—S 0 


1F = femur bone marrow; S = shank bone marrow. 





ham 
marrows 


21—F? 
21—8 
22—F 
22S 
23—F 
23—S 
24—F 
24S 
25—F 
25—8 
26—F 
26—S 
27—F 
27—S 
28—F 
28—S 
29—F 
29S 
30—F 
30—S 
31—F 
31—S 
32—F 
32—S 
33—F 
33—S 
34—F 
34—S 
35—F 
35—S 
36—F 
36—S 
37—F 
37—S 
38—F 
38—S 
39—F 
39—S 
40—F 
40—S 


A STUDY OF HAM SOURING 


TABLE 8 (Concluded) 


Aerobic 
plate count 
(bacteria per gm.) 
(Difco-North 
gelatin agar) 


30 
30 


180 
30 


40 
30 


240 


20 


20 
0 


50 
50 


50 
40 


40 
30 


10 
20 


20 


990) 


20 
120 


0 
0 


0 
0 


0 


0 
0 


0 
10 
60 

0 


| 


Presence 
of coliform 
bacteria 


0 
0 


0 
0 


0 
0 


0 
0 


0 
0 


0 
0 


0 
0 


0 
0 


0 
0 


0 
0 


0 
0 


0 


bone marrow; S = shank bone marrow. 
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It will be noted that viable coliform bacteria are not present in 
fresh, uncured hams and, as will be shown later, are not found in 
cured hams, sweet or sour. 


COMPARISON OF TIBIA AND FEMUR MARROWS OF 
ORDINARY STUCK HOGS 


These marrows were from sweet, fresh, 24-hour hams which were 
boned out and the bones opened aseptically. The marrow was planted 


TABLE 9 


Bacteria in Marrows of Femur and Tibia of Same Fresh Ham 


Bacteria per gram 

Marrow |\——_ ——— 7 PRES EE — 
70°F. aerobes 40°F. aerobes 40°F. anaerobes 

Tibia 360 6,500 

Femur 3 0 


Tibia 1,300 3,500 
Femur 11 
Tibia 400 
Femur 85 
Tibia 15 
Femur 0 
Tibia 16 
Femur 0 
Tibia 4,700 6,300 
Femur 10 0 


Tibia 160,000 140,000 
Femur 0 0 


into Difco-North gelatin agar plates and vaseline sealed-glucose brain 
broth in large tubes. The later inoculation was made with heated 
marrow so that only spores would remain. The cultures were in- 
cubated two weeks at 21.1 and 4.4°C.(70 and 40°F.) ; the bacterial 
contamination of these marrows is shown (Table 9). 

These tests show that the marrows of the femurs tend to harbor 
fewer bacteria than the tibias. Likewise, it is a well-known fact that 
there are very few femur sours in comparison with tibia sours. In 
the hog the tibial red marrow is an important hemopoietic structure 
with all that such tissue connotes in ease of bacterial invasion and 
suitability for bacterial growth. 

A test was made to determine if we might, by the sterile stick 
and long-bleeding period (30 minutes), arrive at some practical 
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method to reduce the bacteria in the marrows of hams. The hams 
were put down into brine cure, examined bacteriologically, and in- 
spected by the trier method for sours after 60 days at .6 to 2.2°C. 
(33 to 36°F.) (Table 11). 

Only one ham of this large series showed sour marrows. The 
bacteria from these marrows were isolated and studied. The results 


TABLE 10 
Bacteria in Marrows of Femur and Tibia of Sweet-Pickle, 60-Day Hams 


(All sweet marrows) 





Bacteria per gram 


Marrow — ————— oa 
70°F. aerobes 40°F. aerobes 40°F. anaerobes 


Tibia 120,000 90,000 

Femur 20 40 

Tibia 2,000,000 1,600,000 

Femur 21,000 11,000 

Tibia 26,000 12,000 

Femur 0 50 

Tibia 650 800 

Femur 110,000 147,000 1,000 
Tibia 160 800 
Femur 

Tibia 

Femur 


Tibia 100,000 42,000 
Femur 0 3 


of studies along this line will be described later. Obviously, the 
baeteria able to grow at temperatures of 33 to 36°F. will proliferate 
in the ham. Nonpsychrophylice organisms do not cause marrow sours, 
and only psychrophiles, which putrefy marrow and grow under vari- 
ous oxygen tensions from anaerobic conditions to strongly aerobic 
conditions, will cause spoilage. Clostridium putrefaciens of MeBryde 
is not the only ham-souring species. 

We were asked to conduct another test on sterilely stuck hogs 
bled 30 minutes. The results of this test (Table 12) indicate again 


that the bleeding operation is not the sole point where bacteria con- 


taminate the marrows and eareass. 
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TABLE 11 


Total Bacteria in Marrows of Hams'60 Days in 


Hogs tattooed No. 1 | 


Cure, Hogs Bled Aseptically 


Cured in vat No. 5 
Bacteria per gram of marrow 

Ham No. 

Femur 


— 


~] 


0 


0 42,00 


Vike we 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
Tattoo No. 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
Tattoo No. 4 


46 
47 
48 
49 
50 





100 
3,100 
0 

370 
2,000 
1,250 
420 
200 
250 

0 
15,000 
9,500 
25,000 
150 

0 

0 

0 
12,500 
1,450 


Vat No. 10 


Vat No. 11 


30,000 


0 


3,800 
300 
4,450 


0 
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Ham No. 


51 
52 
53 
54 


5 
6 
7 


+) 
5 
5 
5 


8 
59 
60 
61 
62 


63 
Tattoo No. 0 


64 
65 
66 
67 
68 (sour) 
69 
70 


Tattoo No. 4 


82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
Tattoo No. 5 


99 
100 


SOURING 


TABLE 11 (Continued) 


Bacteria per gram of marrow 


Shank 


0 
700 
0 
0 


2,000 
200 
20,000 
25,000 
12,000 
350 
10,000 
7,000 
2,000 
330 
550 
1,240 
0 

900 
24,000 
12,500 
20,000 
18,100 


Femur 


Vat No. 6 


60 

780 

0 
46,000 
100 

0 

200 
5,400 
0 

0 
58,500 
32,500 
0 


0 

146,000 

0 

1,200 


Vats No. 10 and No. 11 


0 
0 
0 
0 
0 
0 


0 
10,000 
120 
0 

0 

0 

0 

0 

0 

0 

0 


195,000 
0 


} 
| — 
Vat No. 12 
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TABLE 11 (Concluded) 


Bacteria per gram of marrow 
Ham No. 





Shank Femur 


101 23,000 
102 0 
103 0 
104 0 
105 0 
106 | 0 
107 0 
108 2,200 0 
109 18,000 0 
110 0 0 
111 182,000 0 
112 0 0 
113 0 0 


Tattoo No. 6 Vat No. 17 


114 } 490,000 0 
115 | 3,000 0 
116 163,000 0 
117 | 175,000 0 
118 260,000 120,000 


Tattoo No. 6 Vat No. 15 


119 

120 

121 

122 40,000 
123 30,000 
124 0 
125 100 
126 130,000 
127 0 
128 0 
129 90,000 
130 22,000 
131 0 


Tattoo No. 7! 


0 

220 
26,500 
45,000 
14,000 
100 

320 
260,000 
9 8,500 
10 260,000 


DNIHIke WOO 


Tattoo No. 7 Vat No. 27 


11 0 
12 0 
13 0 
14 4,000 
15 0 


? This lot was normally stuck and bled for only three minutes. 
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TABLE 12 
Sterilely Stuck Hogs Bled 30 Minutes and Scalded in Tub 


Bacterial analyses on ham marrow after cure 


Ham - . Bacteria ‘ 
cured Glucose brain per gram of Bacteria 
60 days broth culture shank marrow on per gram of 
s of shank marrows Difco-North femur marrow on 
(+ = growth) gelatin agar N-gelatin agar 


= 2,800 
+ 1,200,000 
+ 0 
200 


14 
15 


17 

18 

19 

20 

21 

22 

23 

24 

25 

26 t 130,000 
27 0 
28 3,500 
29 

30 

31 

32 

33 

34 

35 

36 so 
37 + 

38 + (sour) 

A second group was tested as follows: 

Sterilely stuck hogs were bled six to eight minutes, the stick hole was sewed 
shut, then the hogs were scalded in a cabinet with water at 60°C.(140°F.) while 
hanging by one foot, then sent through the dehairing machine. By this treatment 
we hoped to exclude contamination by the stick knife, hog-sealding vat, and to 
a great extent, the dehairing machine. Bacterial examinations of the bone mar- 
row showed the following results: 
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Vat No. 71 











“ ee : a 
Hem cured | = __ Brain broth culture | Agar plate counts 
60 days Shank a 


Femur 
= 500 420 
seas 0 
+ 980,000 
~_ 0 
200 
0 
50 
0 
0 


Shank Femur 


| 
nm oo te | 
| 


oS SO 


“I 


0 

0 

0 
5,900 
300 
36,000 
150 
10 
250 
0 

0 

0 
2,200 
0 

10 
20 
130 

0 
6,500 
30 

0 
52,000 


a 
ao 
— 
+ 
+ 
oo 
ce 
a 
a 
oe 
=< 
oe 
oa 
oe 
oe 
+ 
oe 
a 
+ 
ne 
— 
a 
ao 


1,200 
780 0 
0 | 60,000 
3,500,000 
270,000 
120,000 
4,000 
36,000 
20,000 
lost 
0 
0 
0 
50,000 
15,000 
13,500 2,800 


! 
| 


++ | 


1 


+/+] |] | ++++++4+] 44+ 
+] 11) ++I) )++4+! 
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4 


Ham cured o outs broth culture Agar plate counts 


60 days c Femur Shank Femur 
-— 0 0 
+ 1,100 460 
— 0 0 
20,000 0 
230 0 
0 0 
450,000 13,000 

0 

100,000 

38,000 

7,500 

27,000 

0 

660,000 

230,000 

0 

98,000 

975,000 

50 

0 

0 

—(sour) 10,000 

i 0 

— 2,500,000 

- 5,000 

—— 0 
+ (sour) 7,800 
— 0 


_— 


> ot 


— 210,000 

+ 15,000 

—_ 13,000 

— 6,200 

+ 0 60,000 (sour) 

— 100 0 
T 450 6,500 
—(sour) | 40,000 0 
0 0 
260,000 0 

4,400 

0 

54,000 

0 

200,000 

0 

0 

460 

140 

31,000 

3,000 

0 


Go 


N99 9) 9) = 


os) 
o 6 


oe) 
— 


+ 
+ 
a 
a 
a 
a 
os 
oe 
oe 
a 
oe 
on 
a 
op 
mal 
— 
a 
_ 
oe 
al 
= 
~ 
a 
+ 
a 
oo 
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From the above data and previous evidence, it was finally estab- 
lished that we had not closed all portals of contamination of carcass 


or marrows. We performed one additional test in this last group 
which had not been done before, the purpose of which was to sample 


the brine for bacteria as the hams were pulled from cure. Since cer- 
tain of previous tests gave high or low counts with respect to certain 
vats, it was thought advisable to sample the pickle to determine the 
bacterial count and type of organisms present. The following results 
were obtained: 
Bacteria per c.c. 

Vat 71—Top 550,000 

Vat 71—Bottom 1,500,000 

Vat 72 540,000 

Vat , 1,200,000 

Vat 

Vat 74—" 200,000 

Vat 290,000 


The bacteria in these pickles consisted chiefly of gram-positive, 
sporing bacilli; gram-negative, long bacilli; and gram-positive strepto- 
bacilli, all very similar to types found within the marrows. The 
question naturally arose whether bacteria can also make their way 
into the bone, perhaps via the blood vein or following alongside the 
vein. Of this final group of 985 hams, four were found to be sour, 
though precautions against bacterial entrance during the sticking 
and scalding had been taken. The entry of bacteria through the 
sawed end of the shank bone was then thought of as a portal, espe- 
cially in those bones sawed where the bone was not dense and thus 
not effecting a good seal for the marrow. Of course, the occasional 
high count of femur marrow cannot be due to this cause. Agonal 
invasion of bacteria was also considered. The souring bacteria in 
these four ham marrows were gram-negative bacilli, nonsporing, and 
showing pink chromogenesis. The colonies on agar were large and 
mucoid. Since other bacteria, both aerobes and anaerobes, were found 
to cause bone sours, we shall consider all of these bacteria in a sep- 
arate section. 

SALT IN MARROWS 

It was thought that salt of the curing brine (consisting of NaNO,, 
NaNO., sucrose, NaCl, water, and amounts of NO, and NO, permit- 
ted by the Bureau of Animal Industry) might not penetrate into 
the marrows during the 60- to 70-day curing period. Results are 
shown of salt analysis of 44 sour marrows of tibial bones and 48 sweet 
marrows of tibial bones (Table 13). 

In this test the sour bones were mostly of small and medium size. 
The sweet bones were generally larger, particularly the first 25. The 
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average per cent of salt of the sweet bones compares quite well with 
the average per cent of salt of the sour bones. A considerable differ- 
ence exists, however, comparing small-bone and large-bone averages. 

It will be seen (Table 13) that some differences exist in salt con- 
tent of sour and sweet marrows, but that no great significance can 
be attached to the salt content of bone marrow as a bacteriostat. 
Some salt enters the bones, but the fatty tissue of the marrow, which 
largely composes these marrows, is not readily salted. A method was 
perfected to pump dry salt into marrows. The incidence of sours in 
these heavily salted marrows was high—in some tests higher than 
the controls. 


FATE OF COLIFORM AND OTHER BACTERIA IN HOG’S BLOOD 

Practically all investigators in this field have reported the absence 
of coliform bacteria in hams. Boyer (1926) states: ‘‘The absence of 
the Bacillus coli group of organisms from the numerous cultures 
taken from these hams is of particular interest. The members of 
this group are abundant and ubiquitous on the killing floor, and are 
almost invariably found on the surfaces of the carcasses which are 
exposed during killing floor operations. Their absence is of special 
significance in that it goes far to eliminate the possibility that the 
organisms present in the hams gain access during killing floor 
operations. ”’ 

The stick-knife contamination, and the train of conditions follow- 
ing the severing of the neck veins should permit coliform bacteria 
entry into the blood and marrow along with the other bacteria. Some 
factor, then, prevents their reaching the marrow or surviving in the 
marrow if they do reach there. 

It is well known that undiluted, fresh mammalian blood is mildly 
bactericidal, Adami (1899). We thought that since the coliform bac- 
teria were never found in hearts’ blood or hams, bactericidal action 
of the blood was operative in the phenomenon. Also, we hoped to 
find a clue to the presence of certain species in the marrows while 
other species were constantly absent, when opportunity for entry of 
the various bacteria was equally great. Tests were conducted as 
follows: 

Blood was drawn aseptically from the tail of a live hog, as is 
done by the serum companies, and bled directly into sterile test tubes 
containing a suspension (50,000 per e.c.) of organisms (Bacterium 
coli) and sterile glass beads. To prevent coagulation the tubes were 
shaken as the blood flowed into them. Then, after 10 ¢.c. of blood 
was drawn, the tubes were set aside for culturing, from which, at 
various intervals, one eubie centimeter of blood and organisms was 
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TABLE 13 
Salt in Marrow of Sour and Sweet Ham Shanks 


Sour MARROWS OF TIBIA 


i Salt in large end Salt in small end 
Bone No. of tibial marrow of tibial marrow 


pet. pet. 

1 (Marrow exposed) 1.06 0.88 
Bes secceccnsanavuadisvnnensascianiesscisicsamanibec’ hevenadas diciaes 1.12 
3 (Marrow exposed ) .24 
.24 
.70 
24 
.06 
26 
1.06 
0.70 
11 (Marrow exposed ) 1.12 
lc srtdsieactassdicipbiaeasddaeend aibeenkobapinenkenipsansouenuonies . 1.08 
: 1.06 
1.12 
1.08 
1.00 
1.24 
0.88 
1.30 
20 (Marrow exposed ) 1.30 


1 52 


2 
ssciscoebndcacieinis cinarmivebinsadannciatindsaiarinescedentonsenassis 0.82 


i cvcnscnseectieoniodivenmssvetess nirecnnmstsasiannkiccedisostemaieen 1.08 
0.97 


0.65 
0.59 
0.92 
0.97 
0.76 
0.65 
0.92 
0.92 
1.03 
1.13 
0.97 
1.24 
1.08 
1.35 
0.81 
1.08 
41 (Marrow exposed ) 0.76 
viscera cuvicbiicreipesmeseudeosonceen rom 0.81 
0.66 
0.77 





1.00 














A 
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TABLE 13 (Concluded) 





SWEET MARROWS OF TIBIA 
(Large bones) 


Salt in large end 
of tibial marrow 


pet. 
0.60 
0.66 
0.66 
0.66 
0.60 
0.60 
0.66 
0.42 
0.48 
0.48 
0.84 
0.60 
0.66 
0.66 
0.78 
1.06 
0.94 
0.71 
1.18 
0.88 
0.65 
0.83 
0.94 
0.88 
: 0.71 
Average for large bones................. 0.72 


Bone No. 





SWEET MARROWS OF TIBIA 
(Small bones) 





0.99 
FU coidcensetsiicinsiniaidahiedeasiaacuanaanbiniaidinenibii cabinets: 1.30 
CB CRRACIOUT CRORE wicsecasicsescccciccsnaccensececee 1.12 
SD { TEROOET CRIIY oss sscsssveccinnssesnscdvosssens 1.61 
0.99 
1.05 
1.18 





1.18 
0.99 
0.81 
1.00 
1.41 
1.29 
1.00 
1.47 
1.42 
1.18 
1,24 
1.06 
1.12 
Average for small bones.................. 1.16 
Average for total sweet bones....... 0.94 

















Salt in small end 
of tibial marrow 


pet. 
0.66 
0.72 
0.66 
0.72 
0.60 
0.72 
0.54 
0.72 
0.60 
0.66 
0.60 
0.66 
0.66 
0.72 
0.66 
1.00 
0.83 
0.83 
0.94 
0.83 
0.77 
1,18 
0.59 
1.06 
0.71 
0.75 


0.97 
0.85 
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plated out in agar. These plates were ineubated at 37°C.(98.6°F.) and 
counted at the end of 24 hours. During the interval between plat- 
ings, the blood cultures were kept at 37°C. 

From the data there is no doubt about the bactericidal proper- 
ties of hog’s blood with respect to Bact. coli (Table 14). In no 
instance were all the bacteria killed, so it remains to be shown 
whether the few remaining are resistant types which again grow out 


TABLE 14 


Bacterium Coli Suspension in Hog’s Blood 


Agar plate counts after 24 hours’ incubation 


Blood in 


contact with Hog Hog Hog Hog 
organisms No. 1 No. 2 No. 3 No. 4 


1 minute 38,000 35,000 30,400 16,500 
5 minutes 40,000 37,000 30,000 16,000 
30 minutes 29,000 26,000 17,500 9,200 
1% hours 4,900 3,900 8,800 2,900 
3 hours 500 320 900 220 
24 hours No more sample No more sample , No more sample 
72 hours No more sample No more sample | No more sample 
Test No. 2 
5 minutes Blood clotted 30,500 17,500 12,000 
45 minutes Serum planted 1,500 14,800 15,000 8,800 
1% hours Serum planted 1,350 3,250 2,300 2,800 
2% hours Serum planted 32 92 32 53 
4 hours Serum planted 4 21 8 7 
After 48 hrs. Serum planted 2,600 300,000 6,400 140 
No. 3 
5 minutes 9,000 43,900 23,500 20,500 
30 minutes 9,500 23,500 14,600 7,200 
1% hours 20,500 4,000 3,900 
2% hours 3,600 2,300 2,600 
5 hours : 600 640 380 
After 24 hrs. : 23,400 11,700 8,700 


or whether growth starts again from those on the sides of the test 
tubes and have not been constantly in contact with the blood. 
From these preliminary tests with Bact. coli suspensions, we may 
infer that hog’s blood is bactericidal. We, of course, recognize that 
the phagocytic and tissue removal of bacteria is very effective in 
the living hog. Another factor to be considered is the probable 
difference in resistance of individual hogs. There are some indica- 
tions that the various prime hogs, No. 1 to No. 4, in poor nutritive 
condition, vary in their power to cause the disappearance of living 
bacteria from the blood stream and tissues. Hogs are resistant to 
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bacteria, venoms, and toxins. Hogs can drink large quantities (10,- 
000,000 mids.) of Botulinum toxins, A, B, and C, without any visible 
symptoms of botulism developing, Dack and Gibbard (1926). 

We tested suspensions of bacteria in fresh hog’s blood, i.e., bleed- 
ing aseptically from the tail directly into the culture flask containing 
suspensions of bacteria. These bacteria were isolated from sour hams 
and tested as to their ability to sour marrows by implanting them 
into sweet marrows of 60-day cured hams. Bact. coli suspensions 
were also included in the tests; the germicidal effect of the blood 
on souring types of bacteria is shown (Table 15). 


TABLE 15 
Ham-Souring Organisms in Contact With Freshly Drawn Hog’s Blood 


AEROBIC ORGANISMS! FRESHLY ISOLATED FROM SouR MARROW 





. Agar plate colonies after 72 hours (bacteria per c.c.) 
Blood in < arenes 


contact with : : : | 
organisms ~~ — —— Bact. coli 
0 minutes 15,000 15,000 150,000 150,000 
5minutes | 1,625 850 140,000 88,000 
1% hours 96 55 60,000 30,000 
4 hours 113 75 44,000 600 


(Hog’s blood sterile) 


0 minutes 15,000 15,000 150,000 150,000 
5 minutes 2,925 1,300 45,000 56,000 
1% hours 900 700 30,000 20,500 
4 hours 1,100 600 17,000 300 


(Hog’s blood contained 400 aerobes per e¢.c.) 


1Organism No. 1 = large, smooth, ping colonies; nonfermentative; no He2S; gelatin 
liquefaction; gram-negative, nonsporing rods. Organism No. 2 = small, white colonies; 
acid in dextrose but not in lactose; forms H.S; liquefies gelatin; gram-positive, nonsporing 
rods. Organism No. 3 = like organism No. 1, but more vigorous growth in marrow and 
all media. 


The data indicate that hog’s blood is not quite so effective in 
destroying marrow-souring bacteria as in destroying the bacteria 
found incapable of souring marrows (Tables 15 and 16). 


REMOVAL OF BACTERIA FROM THE BLOOD STREAM 

Many investigators have determined some of the conditions which 
affect the removal of bacteria from the blood stream: Wvyssokowitsch 
(1886), Weil (1911), Arima (1911), Reichstein (1914), Keys (1916), 
Berry and Melick (1916), Bartlett and Ozaki (1916), Rheingold 
| (1930), Ottenberg (1931), Mills and Dack (1926), and Reichel 
| (1939). Our work does not necessarily deal with specific active 
immunization and like mechanisms upon the removal of bacteria 
| from the blood or tissues, as studied by Cannon, Sullivan, and 
Neckermann (1932). 
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The work of Burn (1934a, b) shows that bacterial invasion between 
the first and 48th hour after death is not significant in accounting for 
the high frequeney of bacterial growth in the organs of his large 
series of autopsies. His data do not give any information pertaining 
to invasion that may occur within the first hour after death or at the 
time of death. He found that Cl. welchiui, Bact. coli, and staphylococci 
are capable of invading the tissues of animals within five to 48 hours 
after death when the bodies are kept at 25°C.(77°F.); but that a 
large group of pathogenic and nonpathogenic bacteria failed to in- 
vade the tissues after death, even though ample opportunity was given 


TABLE 16 


Destruction of Bacteria, Not Souring Types, in Freshly Drawn Hog’s Blood 


ORGANISMS \—NoT SourinG TyPEs 





Blood in | Agar plate counts after 72 hours (bacteria per c.c.) 

contact with Sy EEE SEE Ge — - 

organisms } Organism | Organism B 
tas : | — 


0 minutes 100,000 100,000 100,000 100,000 

5 minutes | 20,500 21,000 45,000 

1% hours 0 : 40 14,000 

31% hours 0 3 6,000 

5 hours 0 0 1,300 
(Hog’s blood sterile) 


0 minutes 50,000 50,000 50,000 50,000 

5 minutes 12,000 30,000 17,500 20,500 

1% hours 6 50 25 20,000 

3% hours f 10 9,000 

5 hours 10 4,000 
(Hog’s blood sterile) 


1Organism A = Achromobacter sp.; Organism B = Pseudomonas sp.; Organism E = 
Pseudomonas sp. 


Organism E Bact. coli 














for invasion to occur. Norris and Pappenheimer (1905), who inserted 
B. prodigiosus into the oral cavity of human beings immediately after 
death, recovered these bacteria from the lungs several hours later. 
Pathologists say, without proof, that contamination of the heart’s 
blood occurs through the large veins from the lungs and that heart’s 
blood at autopsy practically always shows contamination with many 
species of microbes. There is a unique mechanism of contamination 
of some living animals shown first by Tarozzi (1905) and Canfora 
(1908). Tarozzi and Canfora injected spores of Cl. tetani into ani- 
mals. There were, of course, no ill effects from this inoculation. After 
a considerable length of time (up to 55 days) a leg or bone of each 
animal was broken or injured and the animals were observed for 
tetanus which usually occurred following this treatment, showing the 
longevity of spores in the normal animal body. Koser and MeC'el- 

















A STUDY OF HAM SOURING 307 


land (1917) found the spores of Clostridia recoverable from the 
body long after spores of aerobes disappeared. Our own work shows 
the ease of bacterial invasion of the marrow of hogs by the septic 
sticking operation. We wish to point out here that bacterial con- 
tamination of the bone marrow, especially the red marrows, may 
oceur in the normal animal through permeability of the intestinal 
mucosa [Arnold (1928)], wounds, lungs, eyes, upper respiratory 
tract, dental foci, ete. A wide field of experimental bacteriology and 
physiology is open here to the student, although much work has been 
done in the direction of the problem of liver autolysis, acute pan- 
ereatie necrosis, ete. 


OUTSIDE CONTAMINATION OF HAMS FROM VARIOUS SOURCES 


McBryde (1911) studied many sources of possible contamination 
of hams with bacteria which might cause sours. He concluded that 
thermometers used in testing hams, pumping needles, billhooks, pump- 
ing pickle, and (infrequently) curing pickle, together with all manip- 
ulations of the ham, contributed to the infection of hams with the 
resulting Cl. putrefaciens sours. Saequepee (1913) studied the rate 
of growth and penetration of bacteria into meat. Surface growth 
took place more rapidly than penetration. A culture of Salmonella, 
after 24 hours’ growth at 37°C.(99°F.), spread 12 centimeters from 
the point of seeding and penetrated four centimeters into the meat. 
It may be inferred from this experiment that bacteria do not pene- 
trate in meat rapidly. 

Bacteria may follow the partially collapsed vessels, fascia, and 
occasional fissures along the bone resulting from manipulations of 
the ham, but our results do not indicate that such portals are of 
much consequence in souring of the 60-day cured ham. We have 
never observed any great difference in the bacteriology of ham sour- 
ing of any type in hams at 30-day overhaul, 60- to 70-day pull out 
of sweet pickle, or out of the smokehouse. Soaking vat water may 
be contaminated with bacteria of all kinds, but our data, which we 
shall not list here, indicate that this source is of no importance in 
producing marrow sours, aitchbone sours, or loin sours. 

A type of sour which occurs in both hams and pienie shoulders 
is due to contamination of synovial fluid. The fluid often contains 
pure cultures of a large, gram-positive, aerobic, sporing rod, and is 
probably identical with the bacillus observed in sour beef rounds by 
Bunyea (1921). Our findings in one outbreak of synovial fluid con- 
tamination in pienie shoulders showed that B. megatherium produced 
the sours. These pieces of shoulders had been held at fairly high 
temperatures before being put down into cure. The incidence of all 
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types of sours in hams and pienic shoulders, which have been from 
frozen stock, is not greater than in fresh, 24-hour, nonfreezer stock. 
Frozen-stock, thawed hams tend to cure faster than unfrozen stock. 
A number (90) of skinned hams were dipped in a culture of 
hydrogen sulphide-producing, aerobic streptobacilli before being put 
into cure. The test was performed to determine whether bacteria 
could enter from the outside of the hams and cause them to become 
sour. A similar vat of 90 hams was put down, without dipping, as 
a control. At the 30-day inspection one piece of the dipped hams 
had become questionable but was pronounced sweet at end of cure. 
None of the control hams was sour. At the end of eure (67 days) 
none was declared sour by the B.A.I. test. At the 30-day overhaul 
the following samples were taken with the corresponding counts: 


H.S organisms 
per gram or ¢.c. 


Muscle from inside of sour ham 300,000 
Outside surface of above ham 80,000 
Outside surface of ham from uninoculated vat 25,000 
I SUI sissies secteavececmnceadereavnncea nis teneeuneinens 200,000 
Regular cover pickle 12,000 


Since there were practically no sours resulting from the above 
test, it is not difficult to argue that cover pickle does not contribute 
to ham souring of the flesh type. This particular strain of bacteria 
used was not a vigorous hydrogen-sulphide producer. The degree of 
contamination of the cover pickle, however, certainly does have an 
effect on the surface count of the hams. It has been found in times 
past that brown, grey, and grey-green hams had a surface count 
running into millions of these hydrogen-sulphide formers. Perhaps 
highly contaminated cover pickle is a factor in discolored hams. 
Further tests with these organisms were made, keeping in mind 
discolorations as well as sours, by Jensen and Urbain (1936). 


SOUR LOINS IN HAMS 


Most of the loin sours, i.e., flesh sours, that have come to our at- 
tention during the past 10 years have been typical hydrogen-sulphide 
sours. The odor is very pronounced and the flora is often mixed, but 
there is an overgrowth of streptobacilli or short diplobacilli. These 
bacteria form green colonies in blood-agar plates and are not patho- 
genic. They grow well in curing pickle at low temperatures and at 
20°C.(68°F.). They do not grow on plain nutrient agar and thus 
may be missed by examinations performed in the routine manner. 
We shall describe briefly an outbreak owing to these microbes. 
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When trier inspection showed this type of loin sour, we made the 
. ’ 


following baeteriological examinations of hams: 


HS Bacteria per Gram of Flesh (Blood-Agar Plates) 


Incubated at 
5°C.(41°F.) 
for 12 days 


250,000 
3,500,000 
420,000 
2,500,000 
60,000,000 


Incubated at 
20°C. (68°F.) 
for five days 


2,200,000 
14,000,000 
2,500,000 
55,000,000 
250,000,000 


Incubated at 
37°C. (98.6°F.) 
for two days on 
plain nutrient 

agar 
10 
150 
10 
25,000 
50,000 


13,500,000 56,000,000 50,000 
40,000 95,000 
420,000 500,000 
10,000,000 13,500,000 
10 650,000,000 450,000,000 
11 400,000,000 350,000,000 


12 125,000 125,000 


The counts show that these bacteria may have penetrated into the 
ham from the pumping pickle. Accordingly, the pumping pickle was 
examined bacteriologically in Difeo-North gelatin agar—a medium 
which greatly enhances the growth of these bacteria. (Blood-agar 
controls showed these bacteria to be H.S formers.) 

Pumping pickle from needle —19,500 bacteria per 

Pumping pickle from Tank A—10,500 bacteria per 

Pumping pickle from Tank 9— 7,500 bacteria per ¢.e. 
These bacterial counts are high for pumping pickle but the nutrient- 
agar counts showed less than 100 bacteria per cubie centimeter for 
the . mple pickles. 

The tanks were steamed for two hours and the counts made on 

wood serapings were as follows (Difco-North gelatin agar) : 

Serapings from Tank A— 800 per gram—No H.S formers. 

Serapings from Tank 9—2,500 per gram—-No H.S formers. 
These were very low counts for tank scrapings. The pickle ingredi- 
ents were then examined for total bacteria in blood agar and Difeo- 
North gelatin agar poured plates with the following results: 


Total—North 
gelatin agar 


H.S formers 
on blood agar 


6 
0— (No halophiles ) 
0 
0 
0 
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These pickle counts showed that the curing solutions were suitable 
and that the contamination was coming in from another source or 
other sources. 

A new sterilized pickle was substituted but bacterial analysis 


showed the following : 


Total count H.S 
formers 


Fe DO VE Bisa ca vesesvcsevcssccorcssssesscsevevesenseseess 300 
New ham pickle from needle—Vat 6 2 1,000 
New ham pickle—Vat ) 600 
New ham pickle—Vat 450 
New ham pickle—Vat 5 22 


These counts directed us to the cooling towers used to cool pickle, 
where it was found that a large residual of pickle remained in the 
tower. The tower coils were steamed daily, but the condensate and 
pickle remaining (200 gallons) showed where the inoculation of the 
hams was coming from. The total count was 22,000,000 per cubic 
centimeter with 6,000,000 H,S formers. An airline, used to agitate 
pickle in tanks, also contributed to the contamination. Blood-agar 
plates, exposed in front of the air jet for one minute, showed 8,000 
bacteria with 100 H,S formers. Condensate from the compressed-air 
tanks showed 130,000 H,S formers per cubic centimeter. The engine 
oil used in the compressors contained no H,S formers. We have 
never encountered food-poisoning bacteria in any of our studies on 
hams or equipment. 


A MECHANISM OF ‘‘ CLOSED-BONE’’ MARROW SOURS IN VEIN-PUMPED 
HAMS AND PICNIC SHOULDERS 

As we have observed, the sticking, bleeding, scalding, dehairing, 
and other operations have their influence on contamination of marrow 
and flesh of a ham; but other portals of entry for bacteria exist which 
contribute to marrow sours. 

We observed in a previous experiment that the flora of sour tibia 
marrows in a vat of old-cure hams might have been originally in 
the cover pickle. These bacteria might have migrated through the 
sawed dense bone of the shank (tibia). In many instances the bone 
is sawed short, and only a shell of porous bone protects the marrow 
of the tibia. The fibula is very small in the hog, and the marrow of 
the fibula can become sour but is never important enough to be con- 
sidered by inspectors. The old 60-day cure was changed in the in- 
dustry, so we began investigating the effect on marrows and flesh of 
pumping pickle pumped through the vascular system. Marrow sours 
were often observed but loin or flesh sours disappeared. The curing 
period for vein-pumped hams is 20 days or less, and for shoulders or 
pienics it is 15 days or less. 
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It was necessary to prove that souring bacteria could penetrate 
the sawed epiphysis of the tibia and sour the marrow within a few 
days. 

As a preliminary test we took some water from the hog-sealding 
vat and inoculated an 8” x 1” tube of nutrient broth in which had 
been placed a sterile, five-inch, tested Pasteur-Chamberland filter. 
The broth was inoculated inside of the tested filter candle. After 48 
hours the outside broth showed a growth of gram-negative bacilli. 
After 72 hours’ growth, short, gram-positive, nonsporing rods began 
to appear. Although a large number of other species of bacteria were 
present inside the candle, only these two aforementioned kinds of 
organisms came through the filter. These two types of bacteria are 
identical with those found in present-day sour marrows of quick- 
cured pieces. 

A test was made to determine whether or not certain bacteria 
could penetrate the epiphysis of the lower end of the tibia after the 
more dense bone of the articulation had been sawed off. Twenty 
bones, consisting of both tibias and femurs, were dipped into a water- 
proof compound containing wax and tar, leaving only the sawed end 
of the bones exposed. The dipped bones were then placed in a tierce 
in the euring cellars—1.1 to 2.2°C.(34 to 36°F.)—and covered with 
regular cover pickle. A culture of the gram-negative, small, slender 
bacilli, which (as will be described later) were isolated from numer- 
ous sour marrows, was seeded into the pickle. After 14 days the 
marrows of these bones were examined for the bacteria and were 
found in large numbers in every bone marrow but one. 

Another test was-7mnade in which the sawed ends of the tibia bones 
(marrow still sealed with bone) were covered with rubber bags 
(1” x 6”) made from latex. The bags were made so that they would 
fit snugly around the end of the bone. The tibia or shank bones were 
taken from. fresh, 24-hour-chilled hams, washed in warm water, and 
scrubbed with a brush. The bags were half-filled with sterile, sweet 
pickle containing two cubic centimeters of a broth culture of the 
souring, gram-negative bacilli. The bags were then sealed with latex 
over the sawed end of the bone. All of the bones with the bag at- 
tached were packed in salt and placed in a cooler at 1.7°C.(35°F.). 


After 12 days the bone marrows were examined bacteriologically in 
both ends of the tibia. The tibia bone used as a control was prepared 
like the others, except that the pickle in the latex bag was not inocu- 
lated. Bone No. 5 was sawed so that most of the dense bone of the 
hock end of the tibia remained. The results of the test are shown 
(Table 17). 
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The marrow in the control sample contained a few of the test 
organisms, but this was to be expected. A few of the test organisms 
might be found on the sawed end of the bone through general con- 
tamination. The bones could not be sterilized by heating because the 
whole texture of the tissue and bone would be changed. We relied 
upon the freshness of the sample and thorough scrubbing to produce 
bones with very low counts. We selected the bone with the thinnest 
covering over the marrow as the control sample, so that in ecompari- 
son with the other samples the results would be more fair. 


TABLE 17 


Penetration of Bacteria Into Bone Marrow 


B Condition Thickness Test organisms 
done of marrow of bone over per gram of 
a0. (odor) marrow marrow 


ix Sour %46 inch 110,000,000 
1B Sweet 2,000 
Sour Y, ineh 65,000,000 
Sweet 70,000 


Sour Y, ineh 45,000,000 
Sweet 70,000 


4A Sour ¥% ineh 20,000,000 
4B Sweet 1,400 
5A Sweet 3@ ineh 350,000 
5B Sweet 


Control—A Sweet Vg inch 
Control—B Sweet 





1A = marrow from sawed end of bone (shank); B = marrow from closed end of 
bone (femur articulation of tibia). 


Following this test we were ready for a plant test. The problem 
was to find a method of keeping the bones sealed tightly so that bac- 
teria could not penetrate into the marrow from the curing pickle 
while the hams or pienies were in cure. A method to accomplish this 
purpose was to cure the ham or pienie (shoulder) with foot (the 
foot consists of the leg up, including the knee joint) attached. 

A total of 1,350 pieces of pork shoulders (picnics) were put into 
cure as a test lot. Six hundred pieces were put down with the foot 
attached, while 750 pieces were put down with the foot sawed off in 
the usual manner. This quantity of meat was cured in one of our 
plants and later shipped to a distant plant. About a week was re- 
quired for shipment. After the shoulders were taken from the curing 
vats, the regular-type shoulders, that is, with foot sawed off, were 
given trier inspection for the detection of sour marrows. It was found 
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that 38 per cent of these shoulders had sour marrow in the ulnoradial 
bones. These pienics, of course, were not shipped. Since the mar- 
rows of the shoulders with foot attached were not easy to inspect, 
they were not inspected at this point but were later inspected at the 
second plant when the foot was removed just before the shoulders 
were smoked. None, however, was found sour. 

All the shoulders were then placed in the smokehouse for the 
smoking process. After being smoked, all the shoulders received the 
usual trier inspection for sour marrows. In this inspection 17.63 per 
cent of the shoulders which had the foot sawed off before going into 
cure had sour marrows. Not one of the shoulders that were cured 
with foot attached showed sour marrows. Basing our calculations on 
the original number of shoulders put into cure, 48.93 per cent of the 
shoulders that had the foot sawed off before going into eure had 
sour marrows, while not one of the shoulders that had the foot at- 
tached until the time they were placed in the smokehouse had sour 
marrows. This striking result indicated that many spoilage bacteria 
ean be excluded from the bone marrow by keeping it sealed against 
outside penetration of bacteria. 

Despite this result on the above test, we must remind the reader 
that this method is not a cure-all for sour marrows. There yet re- 
mains the entrance of bacteria into the marrows by means of the 


vascular system, either along with the blood at the time of the stick- 
ing and sealding operation or along with the injected curing pickle 
or by the migration of bacteria along the arteries and veins while 


the ham or shoulder is in cure. 

Further tests were conducted after the manner just described, 
and a low percentage of sour marrows was found in both the pro- 
tected and unprotected marrows. In the case of the protected mar- 
rows, at least, the inoculation would have to come via the venous 
system. 

BACTERIOLOGY OF SOUR HAMS 

It should be borne in mind that there are six or more kinds of 
sours and that all sours are not caused by a single species of micro- 
Organism. The commonest type of bone-marrow sours seen years ago 
in the long-eure hams was due largely to MeBryde’s organism, 
Cl. putrefaciens. Moran (1929) showed that Cl. sporogenes might 
contribute to sours at higher temperatures. Klein (1908) isolated 
a large, nonmotile, nonsporing, anaerobic bacillus from ‘‘miscured 
hams.’’ He ealled the organism Bacillus foedans and found it only 
in dry-cured hams. This organism has occurred in flesh sours of old- 
style hams in this country. We have equated it with Bacillus putidus 
of Weinberg. It produces much H.S and discolors the cured meat 
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with the greenish discoloration which we long ago associated with 
oxidized sulphhemoglobin. We have never encountered Cl. putrificum 
in sour hams although Tucker (1929) implicated this organism. Boyer 
(1926) observed a Clostridium which resembled Cl. oedematiens in 
hams. This is probably the same organism described by Haines and 
Seott (1940) as associated with bone taint in beef. We have also ob- 
served this organism once on hog skin and once in a marrow sour of 
the ham shank or tibia. There are no other microérganisms connected 
with ham souring mentioned in the literature available to us. 

Our identifications, following the criteria of Bergey’s Manual of 
Determinative Bacteriology, include the following genera or species 
as souring bacteria and necessarily capable of some growth at 1.1 to 
3.3°C.(34 to 38°F.) (old-style and vein-pump cure): 


Marrow Sours of Tibia: 

1. Achromobacter liquefaciens 
Achromobacter halophilum 
Achromobacter lipidis 
Achromobacter putrefaciens 
Achromobacter lipolyticum 
Achromobacter sp. not classified. 
Bacillus sp. slow growth at 3.3°C.(38°F.) 
Bacillus megatherium, mycoides, ete. 
Pseudomonas fluorescens 
Pseudomonas putida 
Pseudomonas sp. not classified. 
Proteus group. 
Serratia sp. pink chromogenesis (rubrica?). 
Unknown groups: 
Bacterium mycoides roseum (gram positive) 
Bacillus rubefaciens Zimmerman (gram negative) 
Bacillus rubricus Hefferan (gram negative) 
Bacillus putidus, Weinberg (gram negative). 
Micrococei (canary yellow chromogenesis and white varieties). 
Lactobacillus plantarum (one instance). 
Clostridium putrefaciens of MeBryde 
Clostridium oedematiens of Boyer (1926) and Haines and Scott 
(1940). 


Stiflle-Joint Sours (articulation of femur and fibula-tibia) : 
1. Genus Bacillus 
B. megatherium of Bunyea. 
2. Proteus group. 
3. Micrococci of chromogenic and white varieties. 
4. Cl. putrefaciens. 
Aitchbone Sours (os pubis remaining in ham): 
1. Cl. putrefaciens. 
2. Pseudomonas group. 
3. Achromobacter. 
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4. A curved bacillus or vibrio not identified. 

5. Other bacteria listed under tibia-marrow sours. 

Loin Sours or Flesh Souring of Ham: 

1. Streptobacilli. Not described in literature. Aerobie and facultative, 
short diplo-strepto-bacilli, nonmotile, gram positive, vigorous produc- 
ers of hydrogen sulphide, salt tolerant up to ten per cent NaCl, 
liquefy gelatin, green halo on blood agar, slight reduction of nitrates 
to nitrites, no indol, peptonized milk. Small colonies on blood agar. 
No growth or very seanty growth on plain nutrient agar. Acid in 
dextrose but not in lactose. Small white or dirty white colonies on 
Difeco-North gelatin agar. Grow very well in cured ham mash pro- 
ducing voluminous quantities of hydrogen sulphide. Are psychrophilic. 
Cl. putrefaciens. McBryde describes these anaerobes as cause of body 
or flesh sours. 

3. Miscellany: torulae, propionie acid group of bacteria and micrococci. 

Body-Bone (femur) Sours: 

Cl. putrefaciens. 

Micrococci. 

Torulae (one vat). 

Achromobacter. 

Pseudomonas. 

Butt Sours (between aitchbone and muscle) : 

1. Pseudomonas. 

2. Achromobacter. 

3. Miscellany: micrococci, Proteus, Cl. putrefaciens. 

Puffers: 

We have never seen a spontaneous puffer or gaseous ham. This con- 
dition was caused by growth of gas-forming Clostridia, usually in the 
smokehouse. The flesh of the ham became spongy and inflated with gas 
(Hz + COz). 

A stained smear of a typical sour tibial marrow from one of the 
new vein-pumped hams usually reveals upon microscopical examina- 
tion long or short, slender, nonsporing, gram-negative rods associ- 
ated with short, gram-positive rods medium in size, occurring in 
twos or chains, and not spore bearing. As symbionts or in synergism 
these two forms grow luxuriantly at 3.3°C.(38°F.) in marrow added 
aseptically to sterile test tubes. The gram-negative bacilli, upon cul- 
tivation and identification, prove to be Serratia, Achromobacter, or 
Pseudomonas. The gram-positive bacilli are identified tentatively as 
Bacterium mycoides (albus) and Streptobacillus putidus. All of 
these bacilli are killed at pasteurizing temperatures, i.e., 61.4°C. 
(143°F.) for 30 minutes, either in young (24-hour) or old (14-day) 
cultures in glucose brain broth. These bacteria attack the protein of 
the marrow. The fat of the marrow is always attacked to a greater 
or less degree and usually shows high free fatty acid content and 
often oxidative rancidity. 
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The odor of Cl. putrefaciens sours is characteristic enough to des- 
ignate. The Bacillus putidus sours are characteristically putrid. If 
the ‘‘boned out’’ area is exposed to air for a few hours, the odors 
tend to disappear. 

In order to prove whether or not these organisms caused marrow 
sours, we attempted to follow the three postulates in determining the 
cause of ham souring; that is, to isolate the organism from the site 
of infection, replant it into noninfected substrates, and place it under 
similar conditions to determine whether or not it reproduces the same 
conditions and, if it does, to be able to reisolate the same organism 
from this area. 

With this procedure in mind, we removed marrow aseptically 
from bones of fresh-cut hams as the source of the noninfected mate- 
rial. We know, of course, that marrow is not positively sterile in 
most cases, but it cannot be obtained or treated otherwise without 
changing its constitution physically, as by heat sterilization. In tak- 
ing this material, the marrow from each bone was divided into two 
parts, keeping one part in a sterile tube as a control while the other 
part was inoculated with the test organism in another test tube. 
Three such cultures were made of each organism, using the marrow 
of one fresh bone for each culture and its respective control. These 
tubes were then set aside in the cooler, where they were held at 5°C. 
(41°F.) for a period of two or three weeks. This corresponds quite 
closely to the regular curing time and temperature of hams. 

In these substrates it was thought that the caleium and phosphate 
from the bone might in some way have an effect on general bacterial 
metabolism, hence a small amount of sterilized sponge bone was added 
to the marrow, both in the cultures and controls. Upon adding this 
bone, we thought the conditions in the test tube would more nearly 
simulate actual conditions within a bone undergoing souring. 

In previous tests on inoculation of bacteria and sour marrow into 
fresh marrow the following results were obtained: By inoculating 
sour marrow directly into fresh marrow, a loopful (about a drop) 
of soft marrow into about seven grams of marrow, sours were ob- 
tained when examined after 15 days. Bacteria isolated from these 
sours and placed into more fresh marrow produced tainted marrows 
but not the more putrid types. These marrows were incubated only 
10 days. In these tests either the time element was not long enough 
or such factors as the right combinations of bacteria, an adequate 
amount of the inoculum, or all the necessary elements, such as bone 
tissue, were not present. 

Other tests were run in an attempt to make fresh, sweet marrow 
sour in test tubes by inoculating it with these organisms. They were 
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isolated from test tubes of marrow which had been made sour by in- 
oculating with a loopful of sour marrow and then incubated for 20 
days at 5°C.(41°F.). Four of these organisms were used, and we 
shall call them A, B, C, and D. Their characteristics were as follows: 





Sugar fermentation H.S Gelatin 
, Colonies on agar Spores forma- _ liquefac- 
som Dextrose Lactose tion tion 


- 


xram 


Organ- 
i stain 


A Large, smooth, — + Negative 
pink colonies 
(Serratia sp.) 
Small, white - Negative 
(Achromobacter ) 
Tiny, white Positive 
(streptobacilli) 
Tiny, white - Positive 
(B. putidus) 





In making the test the marrow was removed from the shank bones 
aseptically and placed into Petri dishes. Then it was mixed to a uni- 
form mixture with a spatula and divided into two parts. One part 
was transferred to a sterile test tube to act as a control. The other 


part was inoculated with a limited number of these bacteria. The 
tubes of marrow were inoculated as follows: 


Three tubes containing Organism A 

Four tubes containing Organism B 

Six tubes containing Organism C 

Six tubes containing Organism D 

Seven tubes containing mixture of B, C, and D 
Four tubes containing mixture of A and B 


All of these inoculated marrows became sour with the typical odor 
of shank sours in 20 days. The B, C, and D mixtures were very typi- 
eal in odor. 

Another test was performed to see if we could make fresh, sweet 
marrow become sour in test tubes by inoculating with sour marrow 
and then, if successful, make similar tests using specifie bacteria. The 
test was earried out as follows: 

Marrow from a fresh-cut shank bone was removed and placed 
into a sterile Petri dish; it was mixed with a sterile spatula and then 
divided into two parts. One part was placed into a sterile test tube 
as a control; the other part was inoculated with a loopful of marrow 
from a sour shank and placed in a second sterile tube. Thirteen 
shank bones were so treated. These tubes were placed in the cooler 
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and held at 5°C. for 15 days. On examination by smelling, the fol- 
lowing results were obtained: 


Sour 
.... Broken 
Sour 
Sweet 
Rancid and sour Sour 
Sour Sweet 
Rancid Sour 
Sweet Slight sour 
Sour Sour 
Sweet Sour 
Sour 
‘Sweet 
Sweet 
Sweet 


Of the 13 samples, 11 of the inoculated portions were sour, one was 
rancid, and one was apparently still sweet. Of the controls, nine were 
still sweet, three were sour, and one was broken. 

Five of these 13 tests, B, E, F, H, and I, were plated out and the 
colonies examined microscopically. For the most part, they consisted 


of gram-negative bacilli with a few short, gram-positive bacilli. The 
controls of H and I were almost free from bacteria; only a few mi- 
crococei were found. 

The bacteriological criteria for marrow sours, as well as for other 


types of ham souring, are as follows: 


i. 


Portals of entry for bacteria into marrow and flesh may be through 
agonal invasion, stick wound, evisceration, Canfora’s phenomenon, sawed 
bones, vessels, scald vat, ete. 

Ability of bacteria to grow at euring cellar temperatures during the 
pickling process or cure (34 to 38°F. for 60 days or less for old cure, 
or under 20 days or less for new vein-pump cure) causes sours. 
Biochemical characteristics of bacteria, i.e., they must be hydrogen-sul- 
phide producers, proteolytic, lipoclastic, or fermentative to produce the 
various sours. 

Ham-souring bacteria are facultative or anaerobic and aerobic as well. 
Bacteria need not necessarily be halophiles, but may be salt tolerant. 
Bacteria in fresh, uneured marrows are often not salt tolerant but pro- 
duce sours nevertheless. 

Bacteria are resistant to permissible amounts of nitrate and nitrite of 
sodium in the curing pickle. 

Adequate refrigeration prevents the rapid growth of many of the cold- 
tolerant bacteria, especially beginning at the moment the carcass leaves 
the killing floor and enters the cooler. Ham is refrigerated until put 
into cure. 

Pickling solutions and systems must be bacteriologically controlled. 
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DISCUSSION OF PRESENT KNOWLEDGE OF HAM SOURING 

The prevention of ham souring of the several types in old-style 
long cure, i.e., pocket pumping and slow permeation of pickle into 
ham, or in the new vein-pump cure can never be accomplished by a 
single method. Our data and assumptions, based on the work of 
others, lead us to believe that there are many portals of entry of 
bacteria into hams, both at the time of slaughter and after slaughter. 
We subscribe to the ante-mortem hypothesis of contamination only in 
so far as the Tarozzi-Canfora phenomena is operative. Invasion of 
bacteria of the ham-souring types at death from the gastrointestinal 
tract or respiratory tract of the normal living hog seems possible. 
Burn’s (1934) studies of agonal invasion of bacteria into organs, 
heart’s blood, and muscles of human beings, and also our data, show 
that a few bacteria enter the heart, lungs, bones, and muscles in the 
aseptically killed animal. The stick knife and resulting contamina- 
tions furnish some of the bacteria found in hams and heart’s blood 
of the routinely killed hog. It is not practical to exsanguinate these 
animals aseptically nor does much good result from all of these pre- 
cautions mentioned in detail earlier in this paper. Certain methods 
of preparing the ham to be cured are very important from stand- 
points other than adequate refrigeration. 


The promptly handled hams should be sawed properly in the 
shanks so that enough dense bone remains on the tibia to aid in seal- 
ing the marrow. It was shown that sour marrows may result from 
contaminated cover pickle. If vein-pumped pickle and cover pickle 
are not controlled bacteriologically, sours of the several types may 


result. The hams themselves may contaminate the cover pickle when 
put down into cure. 

If ham souring were due to a single cause, the condition might 
have been corrected and souring prevented years ago. To use a 
homely comparison, the prevention of ham souring by employing one 
or two methods, may well be likened to prevention of deflation of a 
pneumatic tire by patching three slow leaks and ignoring the fourth. 
Continuing with this simile, the ‘‘fourth leak’’ may be contaminated 
pickling solutions in one outbreak of sours and faulty exsanguination 
in another. Thawing of freezer-stock hams should follow bacterio- 
logical criteria. When hams or shoulders are ready for cure they 
should be at a low temperature because high temperatures give many 
bacteria a good start in growth and because the power of bacteria to 
buffer their thermal environment, as well as physical and chemical 
environment, permits their growth at very low temperatures. Most 
haeteria give off heat when they grow (as in ensilage, fermentations, 
wet hay in barns, ete.) especially in the immediate molecular en- 
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vironment. Many bacterial cells are capable of buffering a great deal 
of refrigeration, as we have proved in another connection. 



















We have observed the ubiquitous Achromobacter and Pseudo- 
monas groups of bacteria growing rapidly on pork substrates at 0°C. 
(32°F.) but only when they were given an incubation period at 
37.2°C.(99°F.) for three hours so that their lag phase of growth 
was passed and they had entered into their logarithmic growth 
phase. It was mentioned earlier in this paper that the adequate or 
ideal 24-hour chill of hog carcasses did not suffice to prevent certain 
sours. These sours, as was pointed out, were due to Cl. putrefaciens, 
an organism which does not need a primary incubation period but 
rather demands a low temperature for rapid growth. It is necessary 
to remind the reader that the current concept of ham souring must 
be changed to include these many factors of time, temperature, and 
kind of bacterial inoculation and type of cure, in order to grasp 
the remedial methods for prevention of such spoilage. Early in our 
work we searched for bacteria which grew rapidly at low tempera- 
tures, 0 to 3.3°C.(32 to 38° F.). Often these bacteria were found in 
marrows to the extent of 400,000 or more per gram of marrow. The 
marrows, however, were sweet with no unpleasant odors (Pseu- 
domonas sp.). Again, very sour marrows showed only a few Bacillus 
putidus or Achromobacter putrefaciens or Cl. putrefaciens. Lipo- 
clastic bacteria, Jensen and Grettie (1937), mixed with putrefying 
bacteria .n a marrow often produced a rancid, butyric, putrid odor. 
Other lipoclastic bacteria and fat-hydrolyzing bacteria growing in 
marrows alone, produced quite pleasant odors which could not be 
detected with the stiletto or ham trier. 



















As McBryde (1911) pointed out, it is impossible to handle the 
hams under aseptic conditions in packing establishments; but with 
bacteriologically controlled pickle, adequate chilling and refrigera- 
tion, prompt handling and careful sawing of shank, all types of 
sours can be reduced to a minimum. 










SUMMARY 










From a bacteriological and processing study of 449,000 hams 
and 4,000 pienic shoulders, as well as studies on careasses and live 
hogs, we have certain data on subjects relating to the cause and 


prevention of ham souring which may be summarized as follows: 







1. The problem of ham souring has become less acute during 
the past decade. The reduction of number of sours is due to a nat- 
ural progress in the industry and to a specific advance in curing 







methods. 
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2. The literature on ante-mortem and post-mortem infection of 
living animals and tissues of normal healthy animals is reviewed. 
The evidence from this literature supports the theory that bacteria 
are present in the tissues of normal healthy animals. 

3. The question of bacteria in tissues of normal living hogs seems 
to be partially settled by our biopsy studies. We find that the normal 
living hog’s blood, marrow, muscle, and bone are free from ham- 
souring types of bacteria. 

When the hog is stuck and bleeding out, bacteria make their 
appearance in blood, marrow, lungs, and muscle. 

4. The stick knife contributes bacteria to the blood stream and 
bone marrow. The hog’s skin is heavily contaminated with bacteria 
which infect the stick knife. When pure cultures of uncommon bac- 
teria are placed on the blade of the knife just prior to the ‘‘stick’’ 
and the vessels of the hog’s neck are severed with this knife, the 
specific bacteria can be isolated from the marrow of the tibia and 
other long bones. 

5. The presence of bacteria in the blood, musele, and bone mar- 
row of aseptically bled hogs points to agonal invasion, i.e., entrance 
during the dying period. Sterile sticking operations lessened the load 
of bacteria in the heart’s blood, bone marrow, and muscle of the hams 
but other portals of entry of bacteria were apparent. 

6. The heart of the exsanguinated hog continues to beat for sev- 
eral minutes after the animal appears lifeless. The hog should not 
be dropped into the scalding vat until the regulation holding period 
is passed. 


’ 


7. Too large a ‘‘stick hole’’ is not desirable from the standpoint 


of subsequent contamination. 

8. Elimination of the sealding vat and substituting continuous 
spray in steaming cabinets does not aid materially in reducing the 
bacteria in the carcass. 

9. The blood in the right auricle of the heart from ordinary 
stuck and bled hogs usually contains a greater number of bacteria 
than the blood in the left ventricle. 

10. The lungs of aseptically stuck and bled hogs show fewer 
bacteria than lungs of the regular stuck and bled hogs. 

11. Coliform bacteria are not found in hog’s blood because of 
the highly bactericidal properties of hog’s blood for this group of 
hacteria. 

12. Ham-souring types of bacteria appear to resist the bacteri- 
cidal properties of fresh blood of the hog. Many species of bacteria 
killed by hog’s blood are not encountered in marrow sours. 
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13. The literature on the removal of bacteria from the blood 
stream is discussed from the standpoint of ham souring. 

14. The dormancy of spores in the animal body over long periods 
of time, as shown by Tarozzi and Canfora, should be taken into con- 
sideration in evaluating the ante-mortem infection theory. 

15. Sour loins or flesh sours in hams are often caused by hydro- 
gen-sulphide strepto-diplo-bacilli, which are salt tolerant and thrive 
at curing-cellar temperatures. 

16. Closed tibia bones, in which the marrows are sealed from 
cover pickle, do not show the incidence of marrow sours seen in im- 
properly sawed shanks. 

17. There are six or more different kinds of ham souring. Each 
typeis sufficiently different in origin to warrant the following 
designations : 

(a) ‘*Shank sour’’ or sour tibial marrows. 

(b) ‘*Body sour’’ or sour meat, not marrows. (Also called ‘‘loin sour.’’) 

(c) ‘*Aitchbone sour’’ or souring of os pubis remaining in the ham. 

(d) ‘*Stifle-joint sour’’ or souring of area around articulation of femur and 

tibia-fibula. 

(e) ‘*Body-bone sour’’ or sour femur marrow. 

(f) ‘*Butt sour’’ or sours in butt between the aitchbone and musele. 

(g) ‘*Puffers’’ or a gaseous condition, no longer encountered. 
Obviously, prevention of ham souring probably cannot be prevented 
by employing a single method. 

18. The current theories of ham souring, 18 of which were in- 
vestigated, did not yield methods for prevention of spoilage. Sodium 
nitrate in certain quantities, however, will prevent bone-marrow sours. 
Curing salt appears not to carry bacteria which cause souring of 
marrows. Likewise, curing sugar does not influence the incidence of 
shank sours. 

19. The ‘‘ideal chill’’ curve will not prevent sours owing to Cl. 
putrefaciens but aids in prevention of sours owing to other psychro- 
philic bacteria. 

20. Shank sours owing to Cl. putrefaciens appear not to be 
caused by these bacteria in curing pickle, since sterilized pickle did 
not lessen the incidence of sours. 

21. The marrow of the femur tends to harbor fewer bacteria 
than the tibia. 

22. Certain vats of curing hams appear to show higher counts 
than other vats with the same day’s put-down of hams. These vats 
tend to show more sour marrows of the Achromobacter and Pseu- 
domonas types. 

23. The amount of salt in marrows of cured sweet and sour hams 
is about the same (.94 to 1.0 per cent). 
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24. The old-style, 60-day cure presented problems in ham sour- 
ing which were obviated by the quick, vein-pump cure of hams. The 
psychrophiles causing sours in quick-cured hams must grow rapidly 
at low temperatures. 

25. The bacteria which can grow at 0 to 3.3°C.(32 to 38°F.) in 
marrows and the bacteria which are salt tolerant can cause any kind 
of sour. These bacteria are Achromobacter, genus Bacillus, Pseudo- 
monas, Proteus group, Serratia, Clostridia, micrococci, streptobacilli, 
and a miscellaneous group. 

26. Sours in the quick-cured hams are prevented by bleeding 
hogs properly, adequate refrigeration of carcasses and subsequently 
the ham, sawing for sealed-shank marrows, prompt handling, bac- 
teriologically controlled pickle, and strict general sanitation in the 
pork block. 
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Frozen fruits and vegetables have been recognized as potential 
carriers of disease-producing bacteria since the beginning of the 
frozen-foods industry. Fellers (1933) and James (1932) have dis- 
cussed the health aspects of frozen fruits and vegetables. The fate 
of microérganisms in frozen foods has been studied by numerous 
workers, including Berry (1933), Preseott, Bates, and Highlands 
(1932), Wallace and Park (1933), Smart (1934, 1939a,b), and Wal- 
lace and Tanner (1935). Wallace and Park (1933) reported experi- 
ments to determine the longevity of certain pathogenic bacteria in 
frozen cherries and in frozen cherry juice. The present paper is a 
report of the results obtained with inoculation experiments using 
commercial-pack strawberries and certain pathogenic bacteria. It 
will be shown that certain commercial practices in the preparation 
of the fruit for freezing may greatly influence the viability of patho- 
genic organisms in frozen berries. Also an improved method for the 
quantitative enumeration of Eberthella typhosa in frozen, sweetened 
strawberries will be described. 


EXPERIMENTAL PROCEDURE 

The strawberries, mostly of the Klondike variety, were taken 
from the regular commercial line after they had been washed, 
graded, sliced, and one part sugar added to four parts of berries. 
The bacterial cultures were grown on standard nutrient agar slants 
and suspended in sterile distilled water. The suspensions were added 
to the sweetened berries in a large, stainless-steel pan and thoroughly 
mixed by stirring with a paddle. Approximately 5,000,000 organisms 
were added per gram of berries. Immediately before the cultures 
were added and again immediately after the addition of cultures, 
samples were removed to sterile 200-c.c. glass-stoppered bottles and 
stored in cracked ice until they were examined about five hours later. 
The inoculated berries were then packed in 214-pound cartons of 

a commercial type and frozen in a quick-freezer of the multiple-tray 
type. The time required for freezing was about two and one-half 
hours. The frozen packages were then placed in cardboard cartons 
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and stored at —18°C.(—.4°F.). One package of each culture was 
taken for bacteriological analysis immediately after freezing, and 
other packages were removed at intervals until the inoculated organ- 
isms could no longer be recovered. 

In a later part of the work the berries were packed, uncut, in 
one-pound cardboard boxes, sugar was added to 20 per cent, and the 
bacterial suspension was added directly to the sugar on the berries. 
The one-pound packages were put in cardboard cartons and placed 
in the storage room at —18°C. to be frozen and held until removed 
for analysis. 

The cultures employed in the first part of the work were Staphy- 
lococcus aureus (No. 107 Jordan collection; a food-poisoning strain), 
Eberthella typhosa, Salmonella paratyphi, Sal. Schottmulleri, and 
Sal. aertrycke. 

The bacteriological examination consisted of the plate count by 
the usual decimal dilution method, using standard nutrient agar, and 
the detection of the intestinal pathogens by the use of Bacto-bismuth 
sulfite agar. In the early part of the work, Endo’s and eosine meth- 
ylene blue agars were also used, but they were not as satisfactory 
as bismuth sulfite agar for detection of the intestinal pathogens, and 
their use was discontinued. Staph. aureus was detected by means 
of its characteristic pigment and colonial appearanee. It was rec- 
ognized that this procedure was subject to error, since such forms 
may be normally encountered in berries, and also the organism 
might lose pigmentation after long storage. 

Since strawberries intended for freezing are often held in the 
plant at room temperature for an hour or more before they are 
placed in the freezer, and since the consumer may store the fruit 
in the home refrigerator for hours or days before they are consumed, 
some experiments were made to determine the effect of temperatures 
above freezing on a representative of the group of intestinal patho- 
gens. Essentially the same methods of analysis as above described 
were employed in these experiments. 


DISCUSSION OF RESULTS 

1. The longevity of pathogenic bacteria in commercial-pack, sliced 
and sweetened, frozen strawberries. 

The results of tests to determine the longevity of the selected 
pathogenic bacteria in strawberries frozen by the quick-freeze method 
and held at —18°C. are presented (Table 1). Although enough cul- 
ture was added in each case to increase the count by at least 5,000,000 
per gram, the effect of inoculation, as measured by the count made 
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five hours later, was relatively slight in all samples except that in- 
oculated with Staph. aureus. This observation of rapid destruction 
of bacteria led to other experiments to determine the death rate of 
organisms in sweetened strawberries. 

Eb. typhosa and Staph. aureus were both recovered from the 
frozen berries after five months’ storage at —18°C.(—4°F.), but 
Sal. paratyphi was not recovered two hours after freezing. 

2. The survival of Eb. typhosa in uneut, sweetened strawberries 
held at —18°C. 

Strawberries are often packed whole (unsliced) with the addition 
of 20 per cent of sugar, without mixing. It was thought that under 


TABLE 1 


Longevity of Certain Pathogenic Bacteria in Sliced and Sweetened 
Strawberries Held at —18°C.(—.4°F.) 


Total bacteria count per gram 


; Before freezing After freezing 
Culture 5 
3e > Cul P 
Soe. s Sdad * 2 hours 1 week | 1 month |5 months |8 months 
Eb. typhosa....... 112,000; 194,000 33,000 | 13,500 *| 6,250 2] 1,040 * 1,420 


Sal. paratyphi... 248,000} 214,000 152,000 8,900 3,650 5,100 3,700 
Sal. Schott- 

muller... 89,000| 232,000 200,000 | 9,000*} 5,150 | 980 2,600 
Sal. aertrycke.... 151,000} 335,000 200,000; 41,0007) 47,0007; 3,1007| 2,100 


Staph. aureus.... 135,000 |3,810,000 1,140,000 | 485,000 | 86,000 | 42,000 | 24,000 








1 Plate counts were made after berries were held in cracked ice for five hours. ? Indi- 
cates recovery of pathogen added to the berries. 


such conditions the bacteria may not be destroyed as rapidly as in 
the sliced berries, since they may not be subjected immediately to the 
acid juice and sugar. An experiment was set up to test this possi- 
bility, using Eb. typhosa and the regular commercial-pack strawber- 
ries in one-pound boxes. The bacterial suspension was added to the 
box of berries without mixing, and the boxes were placed in storage 
before all the sugar had dissolved. The test organism was recovered 
at every examination over a period of 14 months. 

3. The quantitative estimation of Eb. typhosa in strawberries. 

The attempt to determine numbers of surviving Eb. typhosa in 
strawberries was made by plating out serial dilutions in the usual 
way, and using Bacto-bismuth sulfite agar as the plating medium. It 
was observed that the zero dilution (one ¢.c.) plates would have 
too many colonies to count while the 1-10 dilution would have few 
or no colonies. The same results were observed whether the dilution 
medium was physiological saline, distilled water, or nutrient broth. 





330 Cc. S. MC CLESKEY AND W. N. CHRISTOPHER 


If .1-c.c. or .05-¢.c. quantities were plated without dilution, numer- 
ous Eb. typhosa colonies appeared. 

Since a considerable amount of sugar was contained in the ber- 
ries, it was considered possible that the transfer to a less concentrated 
(hypotonic) medium might result in destruction of the bacteria by 
plasmoptysis. Consequently, an experiment was conducted to deter- 


TABLE 2 


Effect of Dilution Fluid on Eberthella Typhosa Count in Frozen Strawberries 





_ lie ha ’ Dilution Number of 
Sample Dilution medium of berries colonies 





1 Distilled water 1:2 
.85% saline 1:2 
Tryptone broth 1:2 

. direct 





~ Distilled water 
6% sucrose 
12% sucrose 
25% sucrose 
50% sucrose 
Distilled water 
20% sucrose 
50% sucrose 


:10 
:10 
:10 
». direct 
Distilled water | 010 
20% sucrose | :10 
50% sucrose :10 
. direct 
“Distilled water :10 
20% sucrose 710 
50% sucrose :10 

. direct 
Distilled water :10 
20% sucrose 710 
50% sucrose :10 
». direct 


oe eee ) 
weomwnwnoet 





mine the effect of using sucrose solution for the dilution fiuid 
(Table 2). 

It was apparent that the use of a dilution water containing 50 
per cent sucrose markedly improved the recovery of Eb. typhosa. 
The sucrose solution almost invariably gave higher counts than were 
obtained by plating out the same quantity of undiluted berry juice. 
It was also important to know whether the bacteria would be able 
to survive for a considerable time in the sucrose solution or whether 
they would die rather rapidly. This is a point of importance, for 
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if the cells die rapidly in the dilution water it is necessary to work 
with all speed in making any dilutions for plating and considerable 
error would be inevitable. The results obtained indicate that the 
exposure of the organism to the dilution water should be short. The 
time elapsing between the addition of the berry juice to the sucrose 
dilution water and the addition of agar to the plates apparently 
should not exceed 15 minutes. 

It should be emphasized that the advantage of using sucrose dilu- 
tion water was in the quantitative enumeration of Eb. typhosa and 
not in mere detection of that organism. In order to detect the pres- 
ence of the organism the most effective method was the use of poured 


TABLE 3 


Death Rate of Eberthella Typhosa in Strawberries Held at Room Temperature, 
24 to 26°C.(75.2 to 78.8°F.) 





Count per c.c. using as dilution medium 





of storage | Distilled water 50% sucrose 
5 minutes 500,000 1,500,000 
1 hour Less than 10 340,000 
2 hours 5) 6,900 
4 hours Less than 10 
6 hours 0 





plates containing one to five ¢.c. of undiluted berry juice. This was 
the method employed in obtaining the data (Table 1). 

4. The death rate of bacteria in strawberries held at temperatures 
above freezing. 

In certain commercial methods of cold-packing strawberries, the 
sliced fruit is thoroughly mixed with the added sugar and allowed 
to stand at room temperature for an hour or more before the pack- 
ages are put in the quick-freezing machines. The purpose of this 
procedure is to insure a product of uniform flavor and sweetness, 
but it has considerable bacteriological significance as well. We found 
that when organisms of the intestinal group were added to berries 
at room temperature, 22 to 27°C.(71.6 to 80.6°F.), more than 99 per 
cent died within five hours and few survived 24 hours. When Eb. 
typhosa was employed, the organism could not be detected in .1-c.c. 
samples four hours after the culture was added. The results ob- 
tained in one experiment are shown (Table 3). 

Inoculated berries held at 4 to 5°C.(39.2 to 41°F.) showed a rapid 
destruetion of bacteria, but survival was considerably longer than at 
room temperature; results obtained in two experiments with Eb. 
typhosa are presented (Table 4). 
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SUMMARY 
Certain pathogenic bacteria inoculated into sliced sweetened straw- 
berries and held at —18°C.(—.4°F.) were recovered after varying 
periods of storage as follows: Eb. typhosa, six months; Staph. aureus, 
five months; Sal. aertrycke and Sal. Schottmulleri, one month. Sal. 
paratyphi was not recovered at any time from the frozen berries. 
Eb. typhosa inoculated into unsliced but sweetened berries were 
still present in small numbers after 14 months’ storage at —18°C, 
The use of 50 per cent sucrose as the dilution water for making 
plate counts of Eb. typhosa in frozen-pack strawberries made it possi- 
ble to obtain satisfactory quantitative data. Ordinary dilution water 
and tryptone broth were not satisfactory for making dilutions. 


TABLE 4 
Death Rate of Eberthella Typhosa in Strawberries Held at 5°C.(41°F.) 








Count per c.c. using as dilution medium 


Time Distilled water 50% sucrose 
of storage Rene Lt a ct a a ss 
Sample No. 1 Sample No. 2 Sample No. 1 Sample No. ‘ 


10 minutes 2,300,000 1,500,000 

1 day 11,500 19,000 82,000 236,000 
2 days 2,200 1,800 30,000 50,000 
160 120 14,000 10,600 
days 25 10 5,800 6,300 
0 2,500 625 
5 days 0 170 10 
0 0 0 


days 


days 


days 





y rapid, such that heavily inoculated berries were 
free of living germs after six hours. Held at 5°C.(41°F.) the death 
rate was such that about 98 per cent were killed in one day, and 


sterility was reached in eight days. 


The death rate of Eb. typhosa in strawberries held at room tem- 
perature was very 
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The rapid and widespread commercial distribution of homoge- 
nized milk has been accompanied by not infrequent consumer com- 
ments about difficulties encountered when using the product in 
cookery practice. The greater number of these comments have been 
noted when the consumer prepared escalloped potatoes, custards, 
cooked cereals, creamed vegetables, and candies. The experiencing 
of difficulties in preparing foods when using milk is not new. Fa- 
miliar examples are curdling of milk improperly added to tomato 
soups, curdling of vegetable sauces, and curdling in preparation of 
cheese rarebits. Distributors of homogenized milk obviously cannot 
expect consumers generally to utilize two types of milk for home 
use because one type may be less adaptable for cookery use. Never- 
theless, knowledge of the behavior of homogenized milk in cookery 


practice may serve to guide the distributor in its sale, and the offer- 
ing of advice for its use. A study was made of the relative stability 
of homogenized milk as compared with the milk unhomogenized, 
when utilized in typical cookery practices. 


EXPERIMENTAL PROCEDURE 


Milk from the receipts at the Department of Dairy Industry of 
the University of Wisconsin was pasteurized at 65.6°C.(150°F.) for 
30 minutes in a 600-gallon vertical cylindrical, stainless-steel spray- 
vat and divided into two lots. One of these was homogenized at 1,800 
pounds pressure and cooled. The other was cooled promptly on a 
surface cooler without having been homogenized. The milk was 
stored in cans in a refrigerator, the temperature of which was about 
4.4°C.(40°F.), until used for the experiments within 24 hours. Inas- 
much as the experiments were conducted over a period of several 
months, milk was prepared when needed from the daily commercial 
operations of the University plant. 

An electric (Nesco) roaster was employed for the experiments on 
escalloped potatoes and custards. The temperature of cooking was 


* Published by permission of the director of the Wisconsin Agricultural Ex- 
periment Station. 
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controlled automatically. The potatoes were selected from the stock 
of a potato warehouse and were representative of their variety. The 
cooking of oatmeals and other cereals was accomplished by use of a 
covered water bath containing boiling water. The cereal products 
were purchased from local stores. In all of the experiments with 
escalloped potatoes and cooked cercals the containers used were 400- 
ml. beakers; in most of the experiments with custards the containers 
used were 150-ml. beakers. 


TABLE 1 
Relative Stability of Homogenized and Unhomogenized Milk Used in 
Preparation of Escalloped Potatoes’ 


Reduction 
kali Time elapsing before in time 
Alkali- coagulation was observed necessary 
combining or 
I f 
. property coagulation 
> ¢ “ar * ————— — ~- e 
Potato variety ae of milk in 
tactic Unho- Homog- | potatoes, 
acid mogenized enized Usng 
milk milk homogenized 
milk 


pet. min, min, min, 
20 
15 


Idaho Burbank Russet, U.S. No. 1.. .169 5 
Wisconsin Burbank Russet .189 90 7 
Rural New Yorker 146 3 
Triumph i -200 : 45 30 
Russet Rural .060 ta) 3: 30 

1 Fifty grams of sliced potatoes and 150 ml. of distilled water were agitated for two 
minutes in a malted-milk mixer. Four ml. of two per cent phenolphthalein solution were 


added, and the titration made with N/10 NaOH. Cooking temperature was 176.7°C. 
(350°F.). 


USE OF MILK IN PREPARATION OF ESCALLOPED POTATOES 

Five varieties of potatoes were used in the experiments, the 
alkali-combining property of each of which is shown (Table 1° 
Several potatoes were peeled and sliced by hand, each slice having a 
thickness of about 1.5 millimeter. One hundred grams of the mixed 
sliced potatoes were placed in layers in beakers. With the potatoes 
was added 1.7 grams of table salt, interspersed among the slices; to 
each beaker was added 52 ml. of milk. Flour was omitted from the 
preparation because of the interference it causes in preventing ready 
discernment of the degree of coagulation of the milk. Further, there 
is significant variability in the acidity and ash content of different 
flours, sufficient to affect the behavior of milk used in cooking. It is 
recognized, however, that thickening of milk decreases its sensitivity 
to coagulation by the action of acids. In each case the experiment 
was conducted with paired beakers to one of which was added ho- 
mogenized and tc the other, unhomogenized milk. The influence of 
various salts added in measured quantities to the homogenized milk 
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on the stability of the milk during the cooking of the potatoes was 
also determined. The beakers were transferred to the electric roaster, 
and the time elapsing before coagulation of the milk in each beaker 
was noted. Data on the relative stability of homogenized and un- 
homogenized milks in potato cookery (Table 1) show that with every 
variety of potato used the homogenized milk coagulated sooner than 
the unhomogenized milk. It should be noted also that the stability 
of both the homogenized and unhomogenized milks was affected by 
the variety of potato used; for example, both types of milk were less 
stable when Rural New Yorker potatoes were used than when Wis- 


TABLE 2 
Effect of Various Salts on Stability of Homogenized Milk Used in 
Escalloped Potatoes’ 
Ml. of half-molar solutions added to each beaker 
of potato, milk, and salt 


Variety of potato Sodium Disodium Sodium Calcium 
citrate phosphate bicarbonate chloride 


0.5 1.0 0.5 1.0 


Idaho Burbank Russet . 35; —15 —10} —15 —30| 
Idaho Burbank Russet.. ms : we | — O : oe sie 
Wisconsin Burbank Russet..... +20. - +15 +20, —30 —30 
Wisconsin Burbank Russet.... 

Rural New Yorker 


Triumph 


Triumph ; : sins _ = vind 
| 


Russet Rural. —e : asi jes 
Russet Rural isi é as om ase 


Numbers indicate effect of adding salts on 
the time of cooking required before coagulation of the homogenized milk in the escalloped 
potatoes was observed. Plus sign indicates cooking time prolonged, minus sign indicates 
cooking time reduced, numbers indicate time in minutes. One hundred grams of sliced 
potatoes, 1.70 grams of sodium chloride, and 52 ml. of milk were placed in each beaker, to 
which was added the solutions of salts indicated in the table. 


consin Burbank Russets were used, and the homogenized milk was 
relatively more stable when Rural New Yorker potatoes were used 
than when either Triumph or Russet Rural potatoes were used. 
Thus, the variety of potato will affect significantly the behavior of 
either type of milk when esealloped potatoes are prepared. 

The influence of added salts on the stability of homogenized milk 
used for the preparation of the escalloped potatoes is shown (Table 
2). These data, while not completed for all salts, show that while 
one salt may stabilize the milk when one variety of potato is used, 
the same salt may have a destabilizing effect when another variety 
of potato is used. Thus added sodium citrate stabilized the milk 
used with the Wiseonsin Burbank Russet but decreased the stability 
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of the milk used with the Idaho Burbank Russet potatoes. It appears 
that the ‘‘usual stabilizing salts’’ cannot be recommended indiscrim- 
inately for the correction of the instability of homogenized milk in 
potato cookery. The variability in the composition and characteris- 
ties of the potato must be considered when the difficulty oceurs. 


USE OF HOMOGENIZED MILK IN PREPARATION OF 
COOKED OATMEAL 


The procedure employed in studying the stability of homogenized 
milk in oatmeal cookery was as follows: 15 grams of oatmeal were 
added to 125 ml. of boiling distilled water and allowed to cook 
eight minutes; 35 ml. of cold milk (either homogenized or unhomoge- 
nized) were added to the hot meal, stirred, and the mixture examined 
for presence of flakes of coagulated milk. 

The alkali-combining properties calculated as lactic acid, of the 
various oatmeal products (Table 3) show that the differences in the 
‘‘acidities’’ are not great, with one exception, but probably are of 
significance. The relative stability of unhomogenized and homoge- 
nized milks, when used with the various oatmeals (Table 3), was de- 
termined by measuring the amount of half-molar calcium chloride 
solution it was necessary to add to the water in which the oatmeal 
was cooked before coagulation was induced in the milk subsequently 
added. It will be observed that the different oatmeal products have 
significantly different degrees of effect upon the stability of the milk 
toward coagulation. It was not possible to measure with precision 
the difference in amounts of calcium chloride necessary to induce 
coagulation in the homogenized and unhomogenized milks. With the 
amounts of added calcium chloride shown for each meal employed 
in the studies, it was possible to differentiate the degree of coagula- 
tion when the two types of milk were used. In every ease, the homog- 
enized milk possessed less stability in that it coagulated to a greater 
degree than did the unhomogenized milk. The coagulation of the 
milk to which calcium chloride had been added could be conveniently 
prevented by the addition of sodium citrate. Greater amounts were 
needed to prevent coagulation of homogenized than unhomogenized 
milk, approximately .352 and .176 milligram of sodium citrate per 
beaker, respectively, being necessary. 

The stability of the milk, either homogenized or unhomogenized, 
toward coagulation was definitely affected by the presence of season- 
ing salt in the cooked meal. The addition of 1.107 to 1.755 grams of 
salt per beaker delayed coagulation for periods two to three times 
that within which coagulation was induced by added calcium; for 
example, calcium added to oatmeal No. 7 caused appearance of coagu- 
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lum within two to three minutes, and addition of seasoning salt to a 
sample similarly prepared prevented coagulation until eight minutes 
had elapsed. The quantity 1.1 grams of sodium chloride per beaker 


TABLE 3 
Stability of Homogenized and Unhomogenized Milk Added to 
Cooked Oatmeals’ 
Added 
= calcium =| Coagulation of 
Alkali- chloride milk owing to 
i combining | necessary added calcium 
Assigned Name of oatmeal property to cause 
No. calculated | eoagulation 
s lactic Wk 
- i of milk Inhomog- Homog- 
— to enized enized 
ea 
pet. mg. 
Kroger Country Club 
Rolled Oats (regular) .1400 180.3 


Kroger Country Club 
Quality Rolled Oats 
(quick cook) .1120 


Quaker Oats 
(Rectangle Banner ) .0084 


Quaker Rolled White 
Oats .1280 


Quick Quaker Oats 
(Oval Banner) .1160 


Quick Quaker Oats 
(Cireular Banner ) .1160 


Sunnyfield Rolled Oats, 
quick cooking .1420 


Gold Medal New 
Process Oats .1160 38.7 +-+ 


Richelieu Special 
Rolled Oats .1240 138.7 ++ 


10 Crystal Wedding Oats .1200 111.0 a ++ 


11 Quick Mother’s Oats -1000 85.2 + ++ 


1Ten gm. oatmeal, 70 ml. distilled water, and two ml. of two per cent phenolphthalein 
solution were mixed by a power driven stirrer for five minutes. The “acidity’’ of the mix- 
ture was determined by titration with tenth normal sodium hydroxide solution. ? Calcium 
chloride added to the water in which the oatmeal was cooked. 


was within normal seasoning limits. Quantities of seasoning salt 
ereater than 1.75 grams (15 ml. of two-molar solution) imparted a 
distinet salty flavor and did not further inhibit coagulation of the 


milk. 
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Preheating both the homogenized and unhomogenized milks at 
82.2°C.(180°F.) for 10 minutes, followed by cooling, did not decrease 
the relative tendency toward coagulation in the. presence of added 
ealeium. 

USE OF HOMOGENIZED MILK IN PREPARATION OF CEREALS 

The stability of homogenized and unhomogenized milk added to a 
number of other cooked cereals, containing principally wheat cereal, 
was also investigated. The wheat-cereal meals were prepared by 
mixing 10 grams of the cereal, 1.1 grams of sodium chloride, and 


TABLE 4 
Stability of Milk Added to Cooked Cereals 


| 


Sodium 

Calcium | _ Relative degree of citrate ? 

Alkali- chloride ? coagulation of necessary 

| combining | necessary milk added to to prevent 
property | to induce cooked cereal coagulation 
expressed | coagulation of milk in 
aslactic | of milk : : : cereal with 
acid! | added to 

cereal 


Name of cereal 


Unhomog-| Homog- —_ 
enized | enized chloride 
| added 


Cream of Wheat pet. | mg. 

ITE 045 | 33.3 ~ ++ 
Cream of Wheat 

(new 5 min. ) .180 3: ++ 
Maltex Cereal | 199 t | +++ 
Pillsbury ’s Farina.. - 055 55. 4+4++ 
Quaker Farina | 070 | +++ 
Malto-Meal Cereal | (076 +++ 
Wheatena 112 ++ 
Ralston Wheat Cereal .144 ++ 
RN We I issiciicnscseccsscccssisesnss .202 + ++ 
Richelieu Wheat 
3reakfast Food 050 83.2 i ++ .0893 


SS) ee eee ome) Be) | 
SI ww ~ 
- bo to 


1Ten grams of the meal were mixed with 100 ml. of water at room temperature for 
five minutes by use of a power stirrer. Two ml. phenolphthalein solution were added and 
the mixture titrated with tenth normal sodium hydroxide. The acidity was calculated as 
lactic acid. *The salts were added as half-molar solutions. 


100 grams of distilled water in a 400-ml. beaker. Paired preparations 
were always made, and the mixtures were cooked in a boiling-water 
bath. To the cooked meal was added 35 ml. of either homogenized 
or unhomogenized milk. The alkali-combining property, expressed 
as per cent lactic acid of a number of the meals, the amount of 
added calcium chloride necessary to induce coagulation of the milk, 
and the relative degree of coagulation observed when homogenized 
and unhomogenized milks were used are shown (Table 4). 


A difference in the relative stability of the milks when added to 
various cereals was readily observed. In every case, the homogenized 
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milk exhibited a greater degree of coagulation than did the unho- 
moxenized milk. The addition of sodium citrate in sufficient amounts 
(.01785 gm. per beaker average) to the cooked cereal prevented the 
coagulation of the milk, whether homogenized or unhomogenized. As 
with the cooked oatmeals the addition of seasoning salt in quantities 
of 1.0 to 1.5 grams per beaker in every case delayed coagulation of 
the milk. The preheating of milks to 180°F. for 10 minutes, and 
cooling before they were added to the wheat meals, did not affect 
their relative stability toward coagulation. 


INFLUENCE OF HOMOGENIZATION OF MILK ON CHARACTER 
OF BGG CUSTARDS 
A number of comparisons were made of the characteristics of 
cooked egg custards prepared from homogenized and unhomogenized 
milk. A mix of three slightly beaten eggs, 67 grams of sugar, .5 
gram of salt, and three ml. of vanilla was divided equally between 
480 ml. each of homogenized and unhomogenized milks. This mix- 
ture, because of its relatively lower sugar and egg content, is per- 


haps more sensitive to heat than other custard mixes. The beakers 


of custard were set in water. 

The curd tension and the drainage of serum from the paired 
samples (100 ml. volume) after various intervals of cooking at either 
176.7 or 193.3°C.(350 or 380°F.) was determined. The results of all 
the experiments were somewhat variable, and appeared to be de- 
pendent to some extent upon the composition and amount of eggs 
added to the egg mix. The results showed that for given conditions 
the eurd tension of homogenized and unhomogenized milk custards 
averaged, respectively, 99 and 109. The serum separation from the 
homogenized milk-egg custards was invariably greater when the 
cooking of the custards was prolonged; for example, the serum sep- 
aration of the two eustards would be similar when cooked for periods 
of 5, 10, or 15 minutes, but significantly greater when the cooking 
was continued for 20, 25, and 30 minutes. It seemed evident from 
the tests conducted that, other things being equal, the homogenized 
milk custard had a more critical cooking temperature zone in which 
serum separation would be induced. Further, the desirable heat 
treatment for cooking homogenized milk custard appeared to be 
less than for unhomogenized milk custard. Cooked at the same tem- 
perature and for equal intervals, homogenized milk custards tended 
to ‘‘finish’’ more quickly, and contracted more than did unhomoge- 
nized milk eustards. 
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SUMMARY AND CONCLUSIONS 

When used in the preparation of escalloped potatoes, homogenized 
milk is relatively less stable to coagulation than is unhomogenized 
milk. The stability of milk in potato cookery is dependent to a great 
extent upon the source of potato. The composition of potatoes is 
determined by variety, soil conditions, and other environmental 
conditions. The normal methods of stabilizing homogenized milk 
against coagulation by the addition of sodium citrate, phosphate, 
or carbonate may or may not be successful and depends upon the 
inherent characteristics of the potato. Consequently, corrective 
methods cannot be recommended loosely without specific tests hav- 
ing been made. It appears that acidity of the potatoes, expressed 
as titratable acidity, is not a measure of their effect on the stability 
of milk. 

The coagulation of milk used in escalloped potatoes is noticeable 
and objectionable to many, but it should be observed that consumers 
may anticipate this effect even with unhomogenized milk. Cookery 
practice with mechanical ovens and roasters has been reduced to 
time-table directions. The relative instability of homogenized milk 
may therefore make the defect occurring with potatoes more evident 
to many consumers and cause them to suspect the quality of the 
milk they are using. 

The stability of milk, either homogenized or unhomogenized, to 
coagulation induced by salts added to cooked oatmeals or cooked 
wheat cereals depends upon the type of meal or cereal employed. In 
any case, the stability of homogenized milk was definitely less than 
that of unhomogenized milk. Despite its relative instability, in al- 
most every case, the homogenized milk imparted to the milk-cereal 
mixture a whiter appearance than did the unhomogenized milk. The 
color of the unhomogenized milk-cereal mixture was more grey and 
the consistency was more watery than when homogenized milk was 
used. The coagulation of the milks was either definitely inhibited 
or prevented by the addition of seasoning table salt in the normal 
quantities used for flavoring the cereals. Absence of seasoning salt 
may therefore be considered a predisposing cause of coagulation of 
milk added to cooked cereals. Preheating of milk did not inerease 
its stability to coagulation when added to the cereals. 

The amount of added calcium chloride necessary to induce coagu- 
lation of milk added to each portion of cooked oatmeal averaged 
about .11098 gram, and when added to cooked wheat meals, about 
.05549 gram. This is equivalent to .05607 and .02804 gram, respec- 
tively, when expressed as calcium oxide. The water used for cooking 
in the experiments was distilled water. The calcium hardness of 
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water supplies, of course, varies; but, using the calcium and mag- 
nesium hardness of water in the city of Madison, Wisconsin, as an 
example, the significance of effect of hardness on the stability of 
milk in cookery practice is evident. The calcium and magnesium 
hardness as calcium oxide of 125 ml. of Madison water, which is 
recognized as a hard water (total hardness 350 p.p.m., CaO hardness 
91 p.p.m., MgO hardness 61 p.p.m.), is .02198 gram. Thus Madison 
water, if used in the experiments, would contribute 50 per cent of 
the hardness, expressed as caleium oxide, necessary to coagulate the 
milk added to the average cooked oatmeal and nearly 100 per cent 
of the hardness, expressed as calcium oxide, necessary to coagulate 
the milk added to the average cooked wheat cereal. When attempt- 
ing to correct consumer complaints of homogenized milk used in 
cereal cookery, the effects of seasoning salt and water hardness as 
well as instability of the milk should be considered. 

The curd tension of egg custard prepared from homogenized milk 
was lower, and the serum separation greater, than when unhomoge- 
nized milk was used. A more critical cooking temperature-time range 
seemed to exist for homogenized milk custard. The desired cooking 
temperature was lower for the homogenized milk custard than for 
the unhomogenized milk custard. 
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The light rays capable of killing living organisms have interested 
the public for many years. Much work has been done with the ultra- 
violet rays generated within quartz tubes, particularly those around 
2500 A. It was difficult, however, to bring quartz apparatus into 
general use because of its high cost. Recently a new bactericidal 
lamp has been widely advertised for use in various commercial proc- 
esses. Its major virtue lies in its being considerably cheaper than the 
quartz units formerly used. 

The possible uses of lethal rays in industrial processes are nearly 
infinite. We must realize, however, that the method of installation of 
the equipment may vary with the particular piece of work to be 
done. Should the source of these rays be improperly placed they may 
be under such a handicap that they cannot do the work for which 
they are intended. It would seem that small-scale, experimental tests 
should yield much more information on the limitations of the appa- 
ratus than the larger type of commercial tests. The judicious use 
of these laboratory tests, where one can readily control conditions, 
will aid in establishing the place and method of installation of ultra- 
violet lamps in industrial processes. Until such tests are made it 
would not seem wise to encourage too general use of these lamps. 

Perry (1938) described the equipment then in use for the cool- 
ing of vegetables. Since that time practically no change has been 
made in constructing these units. The cooling fluid is water, which 
is continuously recirculated over ice and then around the material 
to be cooled. One can readily appreciate the danger of spreading 
undesirable conditions from infected to uninfected vegetables if the 
causative agents are not removed or killed during the recircula- 
tion process. The most practicable method apparently was to cir- 

‘This study was stimulated by precooling investigations carried out as a 
coéperative project between the University of California and the U. S. Depart- 
ment of Agriculture. 

*The authors are grateful to the Committee on the Relation of Electricity 
to Agriculture, whose grant made this work possible; to the General Electric 


Company for the lights used in these studies; to the Consumers’ Ice and Cold 
Storage Company; and to Ameriean Fruit Growers Association. 
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culate the cooling media past an ultraviolet tube. Unfortunately no 
thought was given to the proper installation; many systems were so 
arranged that only a little water passed through the rays of the 
lamp. In all cases the light was placed above the water at a distance 
of 10 to 12 inches. Furthermore, the extremely high rate of flow 
(1,500 to 2,000 gallons per minute) limited the exposure to one see- 
ond or less. The depth of liquid itself varied from one to two inches. 
Since the surface of the water was frequently covered with foam 


TABLE 1 
Effect of Ultraviolet Light on Bacterial Content of Hydrocooler Water 


Photo- | Standard plate count 
2 electric —— _ 
Sample reading No ultra- Ultra- Remarks 
(milliamps ) violet | violet 
97.0 | Sample of water at inlet pipe to 
cooler. 
92.0 50,000 | 24,000 | Water from cooler. Conveyor partly 
loaded with asparagus. 


34,000 | 128,000 Cooler in operation about % hour. 
Full of asparagus. 


300,000 | 420,000 


440,000 | 220,000 | Operating about 1% hours. Approxi- 
mately 550 crates cooled. 


290,000 | 210,000 
264,000 | 360,000 


450,000 | 400,000 Operating about 3% hours. Approxi- 
mately 1,000 crates cooled. 





and surface scum, occasionally this material would splash onto the 
tube and would form a coating over the surface of the light, greatly 
impairing or completely removing its lethal value. Random com- 
mercial trials yielded inconsistent data on the worth of this system. 
These studies, therefore, were begun in the hope of securing informa- 
tion on this subject. 
EXPERIMENTAL PROCEDURE 

Tests were made on three hydrocoolers, having two methods of 
light installation. In one type the water was cireulated through a 
pump at one side of the apparatus and allowed to flow into a trough 
occupying the entire length of one side of the machine. Four leads 
spilled water out into channels about four feet wide running com- 
pletely across the cooler. The lights were installed in two of these 
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channels very nearly at the opposite side of the machine. The second 
type of machine had the trough running across the machine and led 
the water through four channels over the upper portion of the cooler. 
The lights were installed at the point of exit of the water from the 
trough. Although data were collected on both types of apparatus, 
only those relating to the apparatus having the central trough will 
be presented here. 

Samples were secured from a hydrocooler that was being used 
for the cooling of asparagus. One sample was taken at the bottom 
of the pump intake line, thus representing the condition of the 
water after being showered through the cases of asparagus. The 
second sample was taken immediately after the water had passed 
the light. All samples were placed in ice and held at a low temper- 
ature until they could be plated. This usually constituted a delay of 
eight to 10 hours. All counts were made on nutrient agar, observing 
the methods recommended by the American Public Health Association 
(1936). Turbidity values were determined with the photoelectric cell 
deseribed by Mudge (1940); the results are shown (Table 1). 

As even a very superficial glance at these data will show, the 
lights could not be trusted to produce an appreciable decrease in the 
microbiological flora of the water. 

One may argue, however, that we have no real data on what is 
actually taking place in the hydrocooler. During the study the liquid 
is constantly being recontaminated by the continued passage of the 
vegetables through the unit. For this reason it would apparently be 
wise to infect a cooler with definite organisms and determine the 
effect of the lamps on this bacterial culture. A hydrocooler was in- 
oculated accordingly, with a culture of Serratia marcescens. The 
unit was then started, and a series of tests was made to determine 
the effect of the lights on the bacteria (Table 2). 

Judging from the data (Table 2), the lights have practically no 
effect on the organisms used in this study. The two quite low values 
secured for Light 1 are particularly baffling, since at Light 1 the 
flow was quite deep and swift, while at Light 2 the flow was slower 
and shallower. In no case, however, can one find an indication of a 
true lethal action of the light. 

We could not but conelude that the confidence of some operators 
in the light as installed was unwarranted. It was then thought ad- 
visable to study in the laboratory the penetration of ultraviolet light 
through distilled water and also hydrocooler water. To determine 
these values, two methods were used. The first method was to place 
a definite volume of liquid in a glass cylinder open at one end and 
having a flat bottom at the other. The liquid was inoculated with a 
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given organism, and the material was then subjected to the lamp. 
This method did not give the best results, although some interesting 
data were secured. In our first studies the inoculated liquid was 
exposed for 30 seconds, the entire fluid thoroughly mixed, a sample 
removed and plated. The distance from the light to the bottom of 
the cylinder was eight inches. The results are presented (Table 3). 

Several criticisms may be made of the method used in this study. 
One is that the organisms suspended in the material are not all at 


TABLE 2 
Effect of Ultraviolet Light on Hydrocooler Water Inoculated With 
Serratia Marcescens 


Bacterial 
Sample count Remarks 


39,000 Lights . Water not inoculated. Pump on 10 minutes. 
76,000 | Lights . Water not inoculated. Pump on 20 minutes. 
246,000 | Lights . Water inoculated. Pumped 10 minutes. 
246,000 | Lights . Water inoculated. Pumped 20 minutes. 
| 270,000 | Lights . Water inoculated. Pumped 30 minutes. 
146,000 | Lights for 5 minutes. Sample taken after passing Light 
210,000 | Lights for 10 minutes. Sample taken at bottom of cooler. 
238,000 | Lights for 15 minutes. Sample taken after passing Light ° 
260,000 | Lights for 20 minutes. Sample taken at bottom of cooler. 
| 140,000 | Lights for 25 minutes. Sample taken after passing Light 
256,000 | Lights for 30 minutes. Sample taken after passing Light ‘ 
| 220,000 | Lights for 35 minutes. Sample taken at bottom of cooler. 
13. | 265,000 | Lights for 45 minutes. Sample taken after passing Light 
14 260,000 | Lights for 50 minutes. Sample taken after passing Light : 
15 =| 180,000 | Lights for 55 minutes. Sample taken at bottom of cooler. 
the same distance from the lamp. The values obtained, furthermore, 
merely give an average decrease in the number of organisms and 
thus do not necessarily show the penetration of the light into the 
liquid. An attempt was made to overcome this latter difficulty by 
so removing the liquid as to secure an indication of the number of 
organisms at any given depth. These results, being somewhat incon- 
clusive, have not been presented. 

If one compares the turbidity of the liquid, as measured by the 
selenium cell, with the penetration of the ultraviolet light into this 
liquid, as measured by a decreased count, a rather interesting result 
will be obtained. Apparently one can find no direct relation between 
these two values. The reason may be easily understood when one 
remembers that the selenium cell is activated by visible light, whereas 
our lethal rays lie below the sensitive zone of the cell. Thus we may 
sereen out the ultraviolet light and still have the passage of visible 
rays practically unimpaired. 
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The second method used in determining the penetration of the 
ultraviolet light through various solutions proved greatly superior 
to our first method. In this latter system a glass tube, open at both 
ends, was sealed onto a flat piece of quartz with sealing wax. The 
inside diameter of the tube was 3.7 em., the length about 18 em. 
The quartz was about 5 x 5 em. x 2 mm. In the first experiments the 
liquid under test was measured into the apparatus, and the amount 
of light penetrating was measured after its passage through the 
water and quartz. These measurements were made with an appara- 
tus manufactured by the General Electric Company and based on 
a luminescence produced when a suitable type of paint is exposed 
to ultraviolet light. The light produced by the action of ultraviolet 


TABLE 3 


Studies on Penetration of Ultraviolet Rays Into Solutions 


Turbi- 
dity 


| Bacterial counts at varying depths of liquid 
Sample reading 





46 cm. | .93 em. | 1.40 em.| 1.86 mel 2.3 em. | Control 
| count 


(milli- 
amps) | 


es | — 


Distilled water 97.0 | 1,400 4,000} 11,000} 34,000} 60,000 | 550,000 
| 8,500! 35,000] 64,000) 82,000) 540,000 
| i 





Precooling water 76.0 | 1,200 


Preecooling water 51.0 12,400 | 170,000 | 247,000 | 430,000 | 500,000 | 540,000 
Precooling water | 93.5 | 6,500 | 43,000} 81,000 | 190,000 | 330,000 | 520,000 


Precooling water 4.: 8,000 | 45,000} 88,000 | 200,000 | 360,000 | 542,000 
Precooling water 65.! | 14,000 | 15,000 | 32,000} 49,000 | 140,000 | 544,000 


rays on this paint is visible light and may be measured quite readily. 
Since the meter used in these studies recorded data in foot candles, 
the values obtained were recorded in these units. 

A further check on the penetration of the light was made in the 
following manner. One loop of broth culture of Serratia marcescens 
was placed in the center of a sterile Petri plate. The quartz was 
so placed on the droplet that the drop was in the longitudinal axis 
of the glass cylinder to which this quartz was attached. A measured 
amount of water or other liquid to be tested was then placed in the 
cvlinder, and the entire apparatus was placed under the lamp. 
After the desired time of exposure the cylinder and quartz were 
removed. Agar was placed in the Petri dish, and the plate was in- 
cubated at 20°C.(68°F.). The distance from the light to the bae- 
terial suspension was eight inches. After each test the quartz was 
wiped carefully with a fresh piece of kleenex, and the apparatus 
Was suspended over an ultraviolet tube so that the quartz surface 
would be exposed for two minutes. After this treatment the equip- 
iment was considered ready for the next test. 
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Quite evidently, the ultraviolet rays are able to penetrate water 
easily (Table 4). A rather interesting point is the apparent decrease 
in ultraviolet energy as measured by the intensity of fluorescence 
from a value of seven to five foot candles. This would seem to indi- 
eate that some energy has been removed by the water. If, however, 
one examines the lethal action of this light on Serratia marcescens, 


TABLE 4 
Studies of Penetration of Ultraviolet Light Into Liquids 


| Ultra- | 
| . violet 
P Jepth | trans- 
Liquid tested ee : a mente ws — 
(em.) mitted y%, | 1 4 F 10 


(foot ‘ | L 3 ( 
candles) | ™!n. min. min. | min. 


Growth after exposure to light for 


12 | — 





Distilled water 7 


a 


+ | + 


5.58 
7.44 
9.30 
11.16 
13.02 


++tttt+ +4++4+4+4+4+ +4+4+4+44+44 


to 
aa] 


Precooling water 0.46 
(muddy) 0.93 
1.39 
1.86 
2.32 
2.79 
3.25 


++++4+4 


Precooling water 0.46 
taken under usual 0.93 
conditions. About 1.39 
1,000 erates of 1.86 
asparagus had 2.32 
passed through the | 2.79 | 

hydrocooler. | 3.25 | 


- i 


1The value + as used in this table designated plates having too many bacterial col- 
onies to count, while the value — referred to those having no colonies. 














++t++++ 4 





one finds little difference between the activity of the rays after pass- 
ing through 20.32 em. of air and after passing through 7.3 em. of 
air and 13.02 em. of water. Thus we can conclude that the ultra- 
violet in the region of 2537 A° will penetrate clear water to an 
appreciable extent. These observations agree with the observations 
of Koller (1936) and of Buttolph and Porter (1940). 

The values for turbid waters indicate a rapid absorption of the 
rays with a consequent decrease in penetrability. There is, however, 
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a great discrepancy between the energy values obtained by the 
meter and by the biological effects. Apparently one must agree that 
energy (either of such a wave length or in such small quantities 
that it cannot be measured) of a lethal nature must pass through 
these substances. 

After these studies we were forced to conclude that although 
ultraviolet light could penetrate cloudy liquids, to some extent, the 
system of suspending the light above the material did not offer a 
very promising method of ‘‘sterilization.”’ Our next thought was 
that it might be possible to circulate water around the tube, thus 
decreasing the distance the rays must go before striking the bac- 
teria. To test this possibility an ultraviolet tube was placed in the 
center of a four-inch pipe. Since the diameter of the tube was one 
inch, if we disregard turbulence, the light worked through a dis- 
tance of one and one-half inches. Naturally the time of exposure 
varied with the rate of flow, and was calculated as the time required 
for the liquid to flow 18 inches, at the average velocity computed 
from the column rate and cross-sectional area. Some idea of the 
complexity of obtaining values for time and intensity of exposure 
to the light is given (Fig. 1). 


{ Wall of pipe 








= Wtraviolet tube 
[ —_ 


= 











Ynoisturbed Listurbed Tyrbilent 
Turbulent How Flow at Light 


Fig. 1. 


The material immediately surrounding the light is overexposed 
because of its slow rate of flow and its short distance from the lamp. 
Sven these diagrams cannot show the effects of obstructions in the 
pipe on the actual flow. To determine the effectiveness of the lamp 
when submerged directly in the water to be treated, the apparatus 
shown (Fig. 2 and Plate 1) was assembled. In this, the lamp ter- 
minals were insulated and protected by casting asphalt around them 
in paper molds of the same diameter as the lamp. The lamp was 
then mounted in the center of the four-inch diameter horizontal pipe 
by means of a sheet-metal spider at each end. The rubber-covered 
leads were brought out through packing glands. The water was 
recirculated from the supply tank with an adjustable-speed centri- 
fugal pump having a maximum capacity of 70 gallons per minute. 
The water rate was measured with a 1.06-inch throat diameter (C) 
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PLATE 1. 
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flow nozzle and manometer (D). For the nozzle in the nominal 
two-inch line, the volume rate of flow in gallons per minute equals 
23\Vmanometer differential. Taps for taking samples were installed 
upstream at (A) and downstream at (B). The glass cock above the 
lamp at E was used to vent the pipe when the pump was first started 
and to observe whether the lamp was operating. 

Twenty gallons of tap water were placed in the tank of the appa- 
ratus. This water was then inoculated with Serratia marcescens and 





TABLE 5 
Effect of Ultraviolet Light on Bacterial Content of Water 








Rate of flow Bacteria per ml. | 
——eemneemet | Right Per 
. 7 | on Before After cent 
Gallons | Feet per | (min- passing | passing of Remarks 
per second | utes) light, | — light, kill 
minute at lamp Tap A! Tap Bt 





20 0.5340 36,000 ees Water before inoculation. 
48 |, 1.2400 650,000 aon Water inoculated. 

13 0.3276 33,000 
13 0.3276 g 970 
13 0.3276 260 | 
| 


48 1.240 680,000 | ee Water inoculated. 
0.628 2 28,000 9,600 

24 0.628 : 890 | 440 
0.628 390 | 290 


50 480,000 me Water inoculated. 
50 2 5,200 | 2,900 

58 20 : 5,000 1,000 

58 50 710 


69 78 180,000 Water inoculated. 
69 Yb 2 2,600 2,100 
69 ‘ ; 900 750 
69 | 1,75 10 570 480 


1 See Fig. 2 for the location of taps. 


cireulated by the ultraviolet light; the results have been condensed 
(Table 5). 

As is proved by the data in this table, the ultraviolet rays exerted 
« marked lethal action, at least on Serratia marcescens, when the 
tube was immersed in the water. At the highest speed possible this 
lethal action was, furthermore, still found. One must appreciate, 
however, that at this high rate of speed the percentage of bacteria 
killed at any one passage by the light was lower than that at the 
slower speeds, although the continued circulation naturally resulted 
in a comparably low count. The percentage kills listed (Table 5) are 
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approximate values, shown only to facilitate the analysis of the data. 

Unfortunately it was impossible to count only the red colonies 
usually considered typical of Serratia marcescens, since many col- 
onies of this species failed to produce the pigment. For this reason 
the total number of colonies was recorded. 

Studies were also made to determine whether the spores of such 
an organism as Bacillus subtilis would be killed by this apparatus. 
Though the kill was less satisfactory than that given for Serratia 
marcescens, there was a very noticeable decrease. When the machine 
was operated at a rate of 13 G.P.M., the bacterial content of the 
hydrocooler water decreased within 10 minutes from 75,000 to 2,500; 
at a G.P.M. of 43, from 33,000 to 5,800; and at 58 G.P.M., from 
22,000 to 4,700. 

The culture used in these studies was a water suspension taken 
from a 96-hour agar slant. The organisms were suspended in the 
water, and the mixture was filtered through a coarse filter paper to 
remove the large particles. 

All values were obtained when the test liquid (water) was not 
contaminated with foreign matter. Iydrocooler water, however, does 
not offer such advantageous conditions to light penetration. As the 
water circulates around the vegetables, it picks up a certain amount 
of dirt and proteinaceous material. Thus during the run the liquid 
becomes more and more opaque to the lethal rays, as has already 
been demonstrated (Table 3). For this reason it was thought that 
some values on the action of this light on water containing dirt and 
proteins might be useful. 

The dirt was a mixture of various types of soil, dried and screened 
through a sieve having an opening size of .0116 of an inch. The pro- 
tein solution was prepared by grinding pea pods in a food chopper 
and soaking the resultant pulp in water for two hours. At the end 
of this time the material was filtered through gauze; the filtering 
removed the large particles but permitted smaller pieces to remain 
in the liquid. This mixture was found to contain .017 gm. of dry 
matter per milliliter, as determined by drying 50 ml. of the liquid 
at 100°C.(212°F.) for 12 hours. 


In making the tests, values were determined when 20 gm. of dirt 
was added to the 20 gallons of water, when 500 ml. of the protein 
solution containing 8.5 gm. of dry matter was added to the water, 
and when 20 gm. of dirt and 500 ml. of protein solution were added. 


Thus one can gain some idea whether soil or proteinaceous material 
would have the greatest effect in screening out the ultraviolet rays; 
the results have been listed (Table 6). 
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Several rather interesting points can be discovered in a careful 
study of Table 6. We may safely conclude apparently that the ap- 
paratus can produce a marked decrease in the bacterial population 
of water even though this liquid may contain relatively high con- 


TABLE 6 


Effect of Ultraviolet Light on Bacterial Content of Turbid Water 





Rate of flow 





| 
Gallons | Feet per 


per 
minute 


58 


13 


58 
58 
58 


second 
at lamp 


1.5 


0.3276 
0.3276 





* * 
or or or on 


2) 
0.3276 
0.3276 
0.3276 


— ot 
/e . 


en fn Fy 
or or or 


oO 


1.5 


0.3276 | 
0.3276 | 


| 0.3276 
| 





0.3276 | 





Bacteria per ml. 


| Before | After 


light, | light, 
| TapA Tap B 


134,000 


25,000| 6,200 
5,000! 1,900 
2,400; 1,000 


103,000 | 
13,000] 3,900 
4,200 2,800 
2,800} 1,600 


| passing passing | 





| 96,000 | 

| 29,000} 6,600 
4,400 | 1,800 
2,100 | 


| 120,000 | 

11,100 | 
4,500 
2,800 


| 
| 





406,000 | 

146,00 | 47,000 
| 27,000) 12,000 
3,000} 1,800 


452,000 

47,000} 20,000 
5,906| 5,300 | 
2,700| 2,600 | 





trating | 


2.8 cm. 


1 


to bo to to 


| 
| 
| 


| 





| uv. | 
(foot 
| candles) 
pene- 


Remarks 
Protein solution 
added. Inoculated. 


Inoculated. 


Apparatus washed. 
Refilled. Dirt add- 
ed. Inoculated 


Inoculated. 


Protein solution and 
dirt added. Inocu- 
lated. 


Inoculated. 


centrations of organic matter. There is some decrease in the lethal 
action; but a comparison of Tables 5 and 6 indicates that the light 
has not been too seriously handicapped by the presence of organic 
matter. The last series of studies made on the higher rate of flow 
with both dirt and protein present should be commented on. These 
values show an extremely poor kill after the first two minutes of the 
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run. This extremely low value cannot easily be explained for this 
particular set of conditions, Several reasons might be advanced for 
a lower percentage kill after the light has been allowed to act for a 
short period. One need only observe the classical death curves to 
appreciate that as time of action of a lethal agent increases, the per- 
centage of bacteria killed decreases. It is also true that with the 
particular apparatus used in these studies one cannot maintain a 


TABLE 7 
Effect of Ultraviolet Light on Bacterial Content of Clear and 
at Low Temperatures 


Turbid Water 


Tap water in apparatus 








Rate of flow | Bacteria per ml. a. ¥. 
es Light — —— Per (foot- 
- on Before After cent candles) 
Gallons Feet per (min- passing passing | of pene- Remarks 
per second utes) light, light, kill trating 
minute at lamp Tap A Tap B 2.8 cm. 
58 15 0 600,000 | wee sia | 3 Inoculated. 
13 0.3276 2 132,000 | 44,000 66 | 3 
13 0.3276 5 18,000 2,900 84 | 383 
13 0.3276 10 1,300 650 50 || OB 
58 SS 0 SER OOO | cccccere co 3 Inoculated. 
58 15 2 99,000 | 91,000 8 3 
58 15 5 9,600 5,800 39 3 
58 1.5 10 900 800 11 3 
500 ml. protein solution and 20 gm. of dirt added 
58 1.5 0 190,000 |... ae 1 | Inoeulated. 
13 0.3276 2 100,000 80,000 20 | 1 
13 0.3276 5 81,000 | 51,000 37 | 1 | 
13 0.3276 10 30,000 | 12,100 a a | 
| | 
58 1.5 0 260,000 | wae ae Inoculated. 
58 15 2 138,000 | 107,000 22 «| (61 | 
58 1.5 5 55,000 43,000 22 1 | 
58 1.5 10 8,400 7,200 14 .= 4 
pure culture of the organism of interest. Thus any resistant forms 











might easily become the predominating flora and therefore cause a 


great decrease in the percentage of kill. 





From these studies we felt quite sure that the ultraviolet lamp 
used to ‘‘sterilize’’ 
Our data, however, have been secured on 
temperature of from 25 to 27°C.(77 to 80.6°F.). 
hydrocooler during its period of operation is maintained at 1 to 
(33.8 to 35.6°F.), and thus it was interesting to determine whether 
the light would funetion as well under these conditions as at the 


could be water such as that used in the hy- 
water at a 
The water in a 
gO 


drocooler. 
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higher temperatures. To test this the same tests were made except 
that ice was placed in the tank and the temperature was maintained 
below 3°C.(37.4°F.); the results have been summarized (Table 7). 
These data indicate that at temperatures approaching 0°C. (32°F. ) 
there is a marked decrease in the lethal action taking place. The 
exact cause of this decreased activity may be the lamp itself, an in- 
creased resistance of the bacteria, an increased absorption by the 
water, or a combination of these factors. Without doubt there is a 
great decrease in the efficiency of the process. One must agree, how- 
ever, that even under these conditions the light does display a rather 
pronounced lethal action. We believed, nevertheless, that it would 
be interesting to investigate the reason for this decreased activity. 
To show the independent effect of each of these factors, a series 
of tests was made. The first procedure was to determine whether 
the temperature of the water immediately surrounding the light 
might cause the lowered effectiveness; a diagram of the apparatus 
used in these tests (Fig. 3) and a typical series of tests are included 


(Table 8). 


Glass cylinder 


Quarée plate 
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Judging from these results, the temperature surrounding the 
tube has a marked effect on the energy it is able to produce. The 
values obtained when half of the tube is exposed indicate that this 
is purely a temperature phenomenon. After completing these tests 
we found that similar conelusions had been reached and published 
in a bulletin of the General Electric Company (1940). The following 
quotation has been taken from this bulletin: 

‘‘Lamps operate at highest efficiency at normal room temperatures of 70 
to 80°F., where the temperature of the glass tube itself has a value of from 
100 to 120°F. At too low temperature the mercury condenses out and the acti- 





358 F. R. SMITH AND R. L. PERRY 


vating ultraviolet radiation is reduced. At too high temperature the vapor 
pressure is increased and some of the ultraviolet radiation is shifted from 
2537A to longer wave lengths; also there is increased reabsorption of the 2537 
radiation by the mercury vapor. The adverse effect of low surrounding air 
temperature can be offset to a great extent by enclosing the lamps.’’ 

Though we cannot comment on the statements concerning the 
higher temperatures, our data certainly agree with the observations 
made on lower temperatures. Possibly the commercial concerns might 
perfect some method to maintain the temperature of the mereury 


TABLE 8 
Effect of Temperature on Energy Emission From Ultraviolet Tubes 


Survival after an exposure of 


Water- 7 oF 
bath Depth light U.V. | 
temper- | submerged | (foot 
ature | candles) | 

- — 








7. | és 

1 
10 
20 


=. 
= 


to to bo to te > 


Y% 
W% 


1 
1% 
34 CO} 
1 | Y% of tube 
submerged 
10 % of tube 
submerged 
20 % of tube 
submerged 
30 ¥% of tube 
submerged 
34 % of tube 
submerged 2% 


vapor at an optimum even though the surrounding temperature is 
much below this value. 

Judging from observations on the effect of temperature on the 
resistance of bacteria to ultraviolet light, temperature was not a 
factor in these studies. Likewise we were unable to show any change 
in opacity when water temperatures were varied between 1 and 40°C. 
(33.8 and 104°F.). The results of these tests have not been pre- 
sented since the temperature of the lamp is apparently the important 
factor in the lower effectiveness encountered in these studies. 


DISCUSSION 
The problem of measuring ultraviolet rays is very important to 
the individual interested in studying their biological action. Equip- 
ment for determining these values may vary from a few dollars to 
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several thousand. It would be impossible to discuss the various me- 
chanical methods used in measuring this particular form of energy 
or the reason for the diserepaney in cost. These methods have been 
discussed in some detail by Laurens (1933), and excellent data on 
apparatus may be found in the book edited by Forsythe (1937). We 
have emphasized the effect of the lamp on microdrganisms as a means 
of measuring its effectiveness. Such methods have been used for 
some time, as stated by Sharp (1939), and would seem to offer inter- 
esting possibilities. We feel that the apparatus described in this 
paper for measuring the penetration of the rays into various sub- 
stances, particularly liquids, does add considerably to this latter 
method. Former methods have given reference to the action of the 
lamp on organisms only after the passage of the rays through air. 
Careful standardization of the proposed system should yield results 
that may readily be duplicated by other investigations. 

The suggestion that liquids to be ‘‘sterilized’’ by ultraviolet light 
may be circulated around the tube would appear to be a new one. 
To the best of our knowledge such studies have not been recorded 
previously. The data presented in this paper have been collected 
only on water. We fully realize that other liquids may perhaps be 
treated in a similar way. It would be futile for us to say which 
fluids may be so treated and which may not. Such studies should, 
however, be considered. We must emphasize the dangers in an at- 
tempt to use this method on opaque materials, where one wishes a 
complete kill, or where pathogenic organisms may be present and 
must be completely killed. 

The apparatus described in the previous paragraph certainly can- 
not be considered a commercially usable design. One should make 
several tests before considering such apparatus acceptable for the 
‘*sterilization’’ of hydrocooler water. In our opinion, however, the 
method has definite possibilities. Studies are now under consideration 
for alterations in the machine that will allow for more flexibility and 
which thus in turn will lead to more complete observations. 


SUMMARY AND CONCLUSIONS 
A method has been proposed to permit observations on the pene- 
tration of ultraviolet light through various materials, particularly 
liquids. The light was able to penetrate 13 centimeters of distilled 
water without apparent diminution of energy. Because of physical 
limitations in the equipment, greater distances were not studied. 
Turbid waters (such as might be encountered in hydrocoolers) 
quickly decreased the effectiveness of the light. The effect beyond 

two centimeters was very slight in such water. 
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The present method of installing the lights in vegetable hydro- 
coolers was found to be unsatisfactory. This method involves the 


suspension of the light above the water. 

It has been proposed that the ultraviolet tube be submerged in 
the liquid to be treated. By this method we secured a quite notice- 
able decrease in the bacterial content of water even though the water 
was circulated around the light at a speed of about 69 gallons per 
minute. Although turbidity decreased the effectiveness of the lamp, 
it did not completely remove the activity. 

At very low temperatures, 1 to 2°C.(33.8 to 35.6°F.), the aetion 
of the light was greatly decreased. This decreased activity resulted 
from a decrease in the energy coming from the lamp. 
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Bacteria and yeasts have been counted by the dilution-plate 
method since the beginning of sanitary bacteriology. Certain dis- 
advantages to this method have been recognized and have led to the 
development of direct counting methods by the use of stains as illus- 
trated in the Frost and Breed methods of milk analysis. Investigators 
have attempted to apply similar principles to the examination of 
other food products with varying success. The most promising fields 
for such control examinations are the brewing and wine-making in- 
dustries because the important fermentative organisms are readily 
discernible with the microscope. 

In practical as well as experimental work it is often desirable 
to know the number of viable cells present at various periods during 
a fermentation. Since plating methods entail a delay of approxi- 
mately five days, the need for a more rapid method has been obvious. 
As the work progressed, doubts as to the reliability of the dilution- 
plate method were substantiated, leading to the belief that a staining 
method would not only be more rapid but also would be more reliable 
in determining the number of viable cells in a fermenting culture. 

As early as 1920, Fraser (1921) reported that methylene blue, 


erythrosin, and methyl green gave a sharp distinction between living 
and dead yeast cells. Haehn and Glaubitz (1929) used such a method 
and found that the methylene blue concentration should be 1:10,000, 
but that-a delay in examination increased the number of stained 
cells. Fuchs (1929) coneluded that the reductase of yeast cells 


brings about discoloration faster in an acid solution than in a neu- 
tral solution of methylene blue of 1:10,000 concentration. Fink and 
Weinfurtner (1931) continued experiments with methylene blue but 
found this method of staining was not reliable for differentiation 
hecause the number of stained cells was dependent upon the pH of 
the staining solution. The following year these authors (1932) 
attributed the staining of dead cells with methylene blue to the 
selective permeability of the living cell membrane in contradiction 
to the conclusions of Fuchs. Fink and Kuhles (1933) reported an 
improved staining fluid for recognition of dead yeast cells. This 
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solution contained a 1:10,000 concentration of methylene blue and 
a phosphate buffer at pH 4.6. The percentage of dead cells deter- 
mined by their method agreed with that determined by biological 
methods. The perfection of this latter staining fluid was accomplished 
by studying the effect of pH and electrolytes on permeability of the 
cell membrane of living cells. 

Brandrup (1930) was able to differentiate living cells from dead 
cells by use of an aqueous solution of neutral red stain in a 1:500 
concentration. Heucke and Henneberg (1934) reported that .001 to 
.005 per cent neutral red stains the volutin bodies in yeasts. Dead 
cells take on stain at once while living cells stain differently, depend- 
ing on age, type, and source. 

This investigation was intended to develop a standardized stain- 
ing method for the rapid determination of the number of viable 
yeast cells present in fermenting cultures. Correlative examinations 
with nutritive agars were made to illustrate the unreliability of the 
dilution-plate method for quantitative work. 


GENERAL EXPERIMENTAL METHODS 


The buffer used in all staining solutions was made according to 
the method suggested by Fink and Kuhles (1933) which contained 


2M Na,HPO, and .2 M Nall,PO,. All direct counts were made 
on the improved Neubauer haemocytometer. 


Culture media used in this study ineluded honey, wort, tomato, 
glucose, and potato-dextrose agars, made from the following for- 
mulae : 

HoneY AGAR—PH 4.8 
Peptone 10 grams 
Beef extract 3 grams 
20 grams 
10 grams 
BIEWUINC WIDE. sssnicevesscsecssesessoens ghicisaticipanepenceycoumsisaulainen 1,000 ml. 


Dissolve agar in autoclave. Filter through cotton and dispense. Sterilize at 15 
pounds for 20 minutes. This medium does not require any reaction adjustment. 


Wort AGAR—PH 4.6 
100 grams 


15 grams 
1,000 ml. 


Mix and melt agar by placing the container in an autoclave and heat in 
streaming steam 30 minutes at 100°C.(212°F.). At the end of this period re 
move, filter through cotton, and dispense in flasks or tubes. Sterilize flasks or 
tubes in streaming steam 30 minutes at 100°C. 
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Wort Brotu—pPH 4.6 
Malt syrup 100 grams 
ap water 1,000 ml. 


Dispense in suitable containers. Sterilize at 15 pounds for 20 minutes. 


Kuup’s Tomato AGAR—PH 6.5 
Peptone 10 grams 
Tomato juice 200-400 grams 
10 grams 
1,000 ml. 


Dissolve agar in an autoclave. (Raise to 15 pounds and turn off immed:- 
ately.) Remove as soon as pressure drops and filter through a thin layer of ab- 
sorbing cotton. Adjust pH to 7. Dispense in desired containers and sterilize by 
autoclaving at 15 pounds stea:n pressure for 15 minutes. The reaction of the 
finished product has a pH value of approximately 6.5. 


GLUCOSE AGAR—PH 5.6 
5 grams 
10 grams 
1,000 ml. 


Autoclave at 120°C.(248°F.) for 20 minutes. 


PoraTo-DEXTROSE AGAR—PH 5.6 
IN ai dinitoscnicdetencnnunrenicenastignathindaientinaoniniinine 200 grams 
Dextrose 20 grams 
15 grams 
1,000 ml. 

The dextrose and agar is added after boiling the potatoes for one hour and 
restoring the filtrate to volume. Dissolve and sterilize in an autoclave. Adjust 
pH with sterile 10 per cent tartaric acid solution. 

The methylene blue used in these experiments was certified by 
the commission on biological stains and numbered C. A. —14. A 
blue glass filter was used on the microscope to intensify the stain. 
All counts on the haemocytometer were made by counting 10 large 
areas, dividing the total by two and multiplying by 50,000 times 
the dilution. 

Formulae for calculations: 

Per cent live cells by staining = --————— X 100, 
S—U 
where U represents number of unstained cells and S represents 
number of stained cells. 
Pp 
Per cent live cells by plating = —-— X 100, 
D 
where P represents the number of cells reproducing on agar plates 
and D represents the number of cells obtained by direct count of 


the suspension plated. 
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These formulae need be applied only where comparative results 
are desired. In practical application unstained cells are counted 
while stained cells are ignored. 


EXPERIMENT 1—DETERMINATION OF DIFFERENTIAL STAINS 

A trial study was made to determine which stains would give a 
consistent differentiation between living and dead yeast cells. Sus- 
pensions of 48-hour wort-agar cultures of Saccharomyces ellipso- 
ideus, Burgundy strain, were divided into three groups. Group A 
contained living untreated cells; Group B contained a mixture of 
approximately 50 per cent living and 50 per cent dead cells; Group 


TABLE 1 


Approximate Percentages of Stained Cells 


Group A Group B Group ¢ 

pet. pet. 

Methylene blue { 50 99 

Methy! green 7 50 99 

Erythrosin . 50 99 

Hemotoxylin.. } 50 100 

NE Wscrkcsevie cass siscessncosensbadvdccreseietaseresmvueeoves 0 0 

I rac aceicrercecrsicevcisntetouncemevebiamhacresaeaneciees 100 100 100 

Neutral red 100? 50 100 ? 
56* 50° 

1Granules and vacuoles. * Uniformly. 

( contained all dead cells. Viable cells were killed by boiling 10 
minutes in a water bath. 

The results indicate that methylene blue, methyl green, and 
erythrosin give the sharpest differentiations (Table 1). Methylene 
blue was chosen for further work because its color was least fatigu- 
ing to the eyes in prolonged examinations. The fact that methylene 
blue is a certified dye, and therefore easily duplicated, makes it 
especially desirable for work of this kind. Observations on the use 
of neutral red in concentrations of .001 to .005 per cent gave results 
similar to those reported by Heucke and Henneberg and by Brandrup 
but the slight differentiation accomplished with this stain did not 
warrant further investigation. 


EXPERIMENT 2—EFFECT OF DYE CONCENTRATION 

A concentration of 1:10,000 methylene blue has been recom- 
mended by Fink and Kuhles, Fink and Weinfurtner, Haehn and 
Glaubitz, and Fuchs. It was desirable to determine whether slight 
variations in dye concentrations would give appreciable differences 
in counts. A suspension of yeast cells was divided into three parts 
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and stained with varying concentrations of methylene blue after 
dilutions were made to equalize numbers of cells in each suspension, 
The results indicate that numbers of cells stained do not vary ap- 
preciably with slight variations in dye concentrations (Table 2). It 


TABLE 2 
Effect of Variations in Dye Concentrations on Cell Counts 


Dye concentration Living or unstained cells 





pet. 

1:5,000 81.0 
1:10,000 &4.] 
1:20,000 81.8 


was noted that concentrations of 1:20,000 did not give a color as 
intense as did 1:5,000 and 1:10,000 concentrations, while in con- 
centrations as great as 1:5,000 a slight masking effect owing to the 
deep color of the dye solution made counting difficult. 
EXPERIMENT 3—EFFECT OF TIME OF EXPOSURE OF CELLS 
TO DYE SOLUTION 

Haehn and Glaubitz noted that delay in examination increased 
the number of cells stained. Fink and Weinfurtner reported that 
the number of stained cells inereased in distilled water but not in 
tap water and therefore perfected an electrolytic buffer solution to 
prevent the absorption of dye by living cells. In this experiment 
cells were exposed to concentrations of 1:10,000 methylene blue in 
a phosphate buffered solution at pH 4.6 and examined at intervals 
of 10, 20, 30, and 40 minutes (Table 3); plate counts on wort agar 
of pH 4.6 were made in conjunction with this experiment. 


TABLE 3 
Living or Unstained Cells per Cubic Centimeter of Dye Solution 


10 min. 20 min. 30 min. 40 min. Plate counts 


68,000,000 59,000,000 | 65,000,000 | 67,000,000 15,150,000 
72,500,000 68,500,000 63,000,000 59,000,000 32,250,000 
51,000,000 | 46,000,000 | 48,000,000 | 46,500,000 33,750,000 
53,000,000 | 51,000,000 51,000,000 56,000,000 ~—- 39,500,000 


50,000,000 | 42,000,000 54,000,000 39,000,000 24,750,000 


58,583,333 54,750,000 56,583,000 53,333,333 29,680,000 


Though this work is incomplete, it would seem that under 
controlled conditions of pH, dye concentration, and presence of 
cleetrolyte, counts will not vary more than may be attributed to 
experimental error within these time limits. 
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Plate counts were always approximately 50 per cent lower than 
counts obtained by staining. 


EXPERIMENT 4—EXAMINATION OF AGARS 
The results of Experiment 3 demonstrate such discrepancy be- 
tween plate and haemocytometer counts by staining that it was 
thought an agar could be perfected which would support more 
growth. Ten separate tests were made on five different agars. 
All plates were poured at 42°C.(107.6°F.) and incubated at 
20°C.(68°F.). Each figure represents the average of quadruplicate 
plates. The members of each series were plated from the same sus- 


TABLE 4 . 
Comparative Reproduction of Yeast. Cells on Various Agars 


Glucose Potato Tomato 


Wort 


| 
} 


Bi licidaliagslile 17,233,000 | 17,500,000 | 14,600,000 | 13,700,000 | 10,950,000 
29,500,000 | 21,750,000 | 24,000,000 | 19,750,000 | 18,500,000 
27,500,000 | 21,500,000 | 16,000,000 | 24,000,000 | 16,000,000 
17,125,000 | 18,500,000 | 20,250,000 | 16,750,000 | 15,000,000 
11,925,000 | 9,475,000 | 11,625,000 | 14,725,000 | 14,250,000 
14,500,000 | 17,625,000 | 15,500,000 | 17,125,000 | 15,625,000 
30,375,000 | 27,750,000 | 32,000,000 | 33,375,000 | 24,000,000 
17,625,000 | 16,000,000 | 16,250,000 16,125,000 | 13,333,000 
19,250,000 | 19,125,000 | 20,000,000 | 18,875,000 | 14,250,000 
21,000,000 | 14,625,000 | 14,625,000 | 18,750,000 | 13,500,000 








20,603,300 | 18,385,000 | 18,485,000 19,317,500 15,540,000 





pension but were plated in rotation to preclude unavoidable vari- 
ations owing to the inoculation-plating time interval. 

Although wort agar is commonly used for yeast plate counts it 
may be seen from the averages of the 10 series that it produces only 
75.4 per cent as many colonies as does the glucose agar and that the 
other three agars examined were also more stimulating to yeast-cell 
reproduction (Table 4). When it is considered that wort agar was 
the only one which consistently produced precipitates and was the 
darkest colored medium, making it the most difficult to count, it is 
obvious that it is highly unsatisfactory when used to determine the 
number of viable yeast cells in a culture. 

In analyzing these results by the relationship of each agar to 
the others it is possible to show that the average of the total counts 
is consistent with the average of their relative percentage of repro- 
duction. The order in which the plates were poured exerted a definite 
influence on counts making variations in rank as to which agar sup- 
ported the most organisms and which supported the leas‘ The per- 
centages of reproduction occurring on each of the agars, considering 
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the one with the highest count in each series to be 100 per cent, 
are shown (Table 5). 

In spite of rather wide variations glucose agar is still consistently 
shown to stimulate the reproduction of more organisms than any of 
the others while wort retains the last position in the order. Honey, 
tomato, and potato agars gave consistently high and even results, and 
it was noted that the colonies were always of larger size in potato 
agar. 


TABLE 5 
Relationship of Five Agars 


aon Glucose Potato Tomato Honey 

Series | pH 5.6 pH 5.6 pH 4.7 pH 4.8 
pet. pet. pet. pet. 

98.5 100.0 83.4 78.2 

100.0 73.4 81.4 66.9 

100.0 78.2 58.2 87.2 

84.5 91.3 100.0 82.6 

80.9 64.3 79.0 100.0 

82.2 100.0 87.9 97.1 

91.1 83.2 96.0 100.0 

100.0 90.6 92.1 91.4 

96.3 95.6 100.0 94.4 

100.0 69.6 69.6 89.3 





93.35 84.62 84.76 88.71 

It is apparent that a factor cannot be applied to counts obtained 
by the staining technique until a standard agar is developed which 
will stimulate the reproduction of all living cells. If glucose is 25 
per cent more stimulating than the standard wort agar, it is prob- 
able that an agar could be developed which would be 25 per cent 
better than glucose agar. 

EXPERIMENT 5—EFFECT OF rH 

Fink and Weinfurtner found that cells from yeast cakes contain- 

ing notably large percentages of dead cells, when stained at pH 2, 


TABLE 6 
Effect of pH on Determination of Living Cells 





Living cells Dead cells 
per ¢.c. per ¢.c. 


Living cells 


57,000,000 14,250,000 
54,500,000 | 15,250,000 
54,500,000 16,500,000 
58,750,000 | 20,500,000 
42,250,000 16,500,000 
37,500,000 17,500,000 
37,000,000 | 25,000,000 
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gave approximately 99 per cent unstained cells. Considerably more 
cells were stained at pH 4 and pH 6 while nearly all were stained 
at pH 8. In 1931 they reported that the amount of dye and the 
number of stained cells depends on the H-ion concentration of the 
solution. The phosphate buffer recommended by Fink and Kuhles and 
a 1:10,000 methylene blue dye solution were used in this experiment. 


The results illustrate a tendeney of solutions of higher pH values 
to stain more cells, but the increase in stained cells is most pronounced 
above a pH value of 7 (Table 6). 


EXPERIMENT 6—EFFECT OF PH IN CONJUNCTION WITH 
VARIOUS AGARS 

The results of the above experiments did not disclose a reliable 
standard method for determining the number of living cells in a 
fermenting culture. It was therefore considered necessary to study 
a complete fermentation with regard to the number of living cells 
present as determined by both staining and plating methods. 

A flask containing 500 cubic centimeters of .5 per cent glucose 
broth was inoculated with Saccharomyces ellipsoideus, Burgundy 
strain, producing a concentration of 13,500,000 unstained cells per 
eubie centimeter after treatment with 1:10,000 methylene blue at 
pH 4.6. Examinations were made after 8, 10, 14, 15, and 17 days 
of incubation. Suspensions were stained at pH 4.6, 5.5, 6.5, and 7.5. 
Plates were made on wort agar, potato agar, glucose agar, honey 
agar, and tomato agar. Total counts of suspensions to be diluted 
and plated were made on the haemocytometer, and both living and 
dead cells were counted in stained suspensions. For further ecom- 
parison, wort-agar plates were made and suspensions were stained 
from a 24-hour, wort-agar slant culture. 

As in previous experiments, it was noted that the plates only 
produced approximately 50 per cent of the living cells as determined 
by staining (Table 7). 

The 24-hour, wort-agar culture, containing a high percentage of 
reproducing or budding cells, was plated and stained, and _ plates 
showed approximately 77 per cent of the living cells as determined 


by staining. The results of the studies at the various pH values in 
this experiment did not entirely substantiate the claim of Fink and 
Weinfurtner that the pH of the staining solution determined the 
number of stained cells. 


Counts made from the fermenting broth 17 days after inocula- 
tion showed only 20.2 per cent living cells in wort agar. Counts 
made by staining the same suspension showed 82.5 per cent living 





DIFFERENTIAL STAINING OF YEAST CELLS 369 


cells. In 17 days a .5-per cent glucose broth should be completely 
utilized. Therefore, it may be assumed that the cells present are 
largely fermenting cells which cannot reproduce unless they are 
reinoculated into another and more nutritive medium. In plating a 
fermenting culture it is questionable whether all viable cells or even 
a representative number of them are able to regain their ability to 
reproduce to the extent that colonies may be visible. 


TABLE 7 
Living Cells at Varying pH Values as Determined by a Solution of 
1:10,000 Methylene Blue 


pH 4.6 5.5 pH 6.5 pH 7.5 
pet. oe. pet. pet. 
74.3 ° 74.7 73.5 
81.2 81.6 79.8 78.5 
81.0 5. 80.0 82.6 
82.6 77. 79.0 75.3 
76.0 v 80.1 74.1 
82.5 , 74.1 


79.6 4 78.8 76.3 





LIVING CELLS RY PLATE COUNTS ON VARIOUS AGARS 


Wort Potato | Honey | Glucose Tomato 
pH 4.6 pH 5.6 pH 4.8 pH 5.6 pH 4.7 


pet. pet. pet. pet. pet. 
33.0 29.9 


The 24-hour, wort-agar slant culture showed 75.1 per cent living 


cells on wort-agar plates. Counts made by staining the same sus- 
pension showed 97.6 per cent living cells. Thus, plating methods 
showed a difference of 54.9 per cent of living cells between an old 
fermenting culture and a 24-hour, agar-slant culture, while staining 
methods showed a difference of only 15.1 per cent of living cells 
hetween the same suspensions. Such evidence indicates that plating 
methods do not give an accurate estimation of viable cells. This fact 
introduces the problem of the difference between an old fermenting 
cell and a young reproducing cell and may mean that food require- 
ments for the former are not the same as for the latter. 





DALE R. MILLS 


In experimental fermentations the first three to five days are usu- 
ally devoted to reproduction by the yeast cells and the remaining time 
is devoted chiefly to fermentation. This phenomenon may be dem- 
onstrated by a study of the carbon-dioxide pressure and alcohol 
production and proves that the organisms are alive although the 
numbers do not necessarily increase. In this paper no attempt is 
made to explain the physiological difference between a fermenting 
and budding cell but it is hoped that this counting method may 
point the way to a more reliable and rapid procedure for determin- 
ing the number of all viable yeast cells in fermenting cultures. 


TABLE 8 
Living Cells From a 24-Hour Wort-Agar Culture 








Wort agar Methylene blue 


} 
pH 4.6 | pH 4.6 





a pet. | pet. 
75.1 97.6 





SUMMARY 

Methylene blue, methyl green, and erythrosin give a sharp dis- 
tinction between living and dead yeast cells. 

A solution containing 1:10,000 methylene blue is best for differ- 
ential staining. 

Time interval has no effect on numbers of stained cells when 
the solution is buffered at a pH value of 4.6. Plate counts on wort 
agar show approximately 50 per cent of the living cells as deter- 
mined by the staining method in an old fermenting culture. 

Glucose agar stimulates 25 per cent more yeast-cell reproduction 
than wort agar. 

Slightly more cells are stained at higher pH values when using 
a 1:10,000 methylene blue solution adjusted with phosphate buffers. 

Plates do not give representative counts of the number of living 
cells in a fermenting culture but merely the number of reproducing 
cells, while the proposed staining method produces a rapid and ac- 
curate estimate of all viable cells. 
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CHANGES IN VITAMIN C CONTENT OF BARTLETT PEARS 
IN COLD AND GAS STORAGE??? 


DONALD K. TRESSLER anp JAMES C. MOYER 
New York State Agricultural Experiment Station, Geneva, New York 


(Received for publication, September 23, 1940) 


Although many investigators have studied the ascorbic acid con- 
tent of most of the common fruits, only a few analyses of American 
pears have been reported. Furthermore, most of the investigations 
reported are on the results of bioassays and consequently are not 
particularly aceurate since pears do not have a high vitamin C econ- 
tent and it is, therefore, difficult to feed the necessary amount of 
this fruit to guinea pigs. Kramer, Eddy, and Kohman (1929) found 
that Bartlett pears had little antiscorbutic value. Craven and Kramer 
(1927), Call (Kramer) (1928), and Kramer, Eddy, and Kohman 
(1929) report that fresh Kieffer pears contain from five to seven 
Sherman units of vitamin C per 100 grams (approximately .03 to 
.05 mg. ascorbie acid per gm.). Craven and Kramer (1927) were 
unable to note any loss during five months’ storage at 4.4°C.(40°F.), 
but this is not surprising in view of the difficulties encountered in 
determining vitamin C by bioassay of foods having a low ascorbic 
acid content. Manville and Chuinard (1933 and 1934) report a re- 
duetion in vitamin C content of Winter Nelis pears from 11 to 10 
Sherman units in ‘‘one month beyond the usual marketing period,’’ 
and in the ease of D’Anjou pears from 14 to seven Sherman units in 
‘‘two months beyond usual marketing period.”’ 


Recently the cool storage of fruit under conditions which maintain 
an increased carbon dioxide content in the atmosphere of the store 
has come into use in England. American and Canadian refrigerated 
warehouses have not yet adopted this practice but some companies are 
investigating the possibility of increasing the storage life of apples, 
pears, and other fruits by this method. 


Because of the meager information in the literature on the vitamin 
( content of freshly stored pears and the lack of any data concerning 
the effect of increased carbon dioxide content of the atmosphere on 
the rate of loss of this vitamin from pears, this study was undertaken. 


* Approved by the director of the New York State Agricultural Experiment 
Station for publication as Journal Paper No. 403, September 21, 1940. 


* This work was undertaken in codperation with the Department of Horticul- 
ture, Ontario Agricultural College, Guelph, Canada. 
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EXPERIMENTAL PROCEDURE 

The pears were harvested toward the end of August, 1937, in a 
commercial orchard of the Niagara peninsula in Ontario at a time 
when the ground color of the fruit was beginning to change from 
green to yellow. The fruits were weighed individually before being 
immediately shipped by parcel post to the New York State Agricul- 
tural Experiment Station at Geneva, New York, or placed at —1.1°C. 
(30°F.) in storage at the Department of Horticulture, Ontario Agri- 
cultural College, Guelph, Canada. Of the fruits placed in storage 
some were held in open, round-topped, five-gallon tin cans, and others 
in the same type of can but with the lid tightly placed in position. A 
hole was drilled into the lid of each sealed can. Each of the holes in 
one lot of cans was %4 of an inch in diameter. The holes in the other 
cans were %4 of an inch in diameter. 


At intervals of one month the atmosphere inside the sealed cans 
was analyzed for carbon dioxide and oxygen, and the cans were found 
to contain between three and four per cent carbon dioxide and 17 
and 18 per cent oxygen in the case of the cans with the %,4-inch 
diffusion holes and two to three per cent carbon dioxide and 18 to 
19 per cent oxygen in the cans with the %,4-ineh holes. 


The determinations on the cold-storage fruits were discontinued 
after three months since the quality when fully ripened had begun 
to decline, indicating that their storage life was ended. Samples of 
the pears held in the closed cans were sent to Geneva after five and 
seven months’ storage. Both organoleptic tests and ascorbic acid 
assays were made on the gas-stored pears and they were found after 
seven months’ storage to have an excellent appearance and a good 
Bartlett flavor when ripened at room temperature. 

The analyses for ascorbic acid and moisture were conducted in 
the following manner: The pears were quartered, cored. and then 
chopped into pieces, each approximately a 4%4-inch cube. The sample 
was mixed and quartered, then mixed a second time and quartered 


again. Twenty-gram duplicate samples were weighed into aluminum 


dishes. Moisture was determined on these samples by drying them 
for 48 hours in an oven maintained at 95°C.(203°F.). Two other 
duplicate 20-gram samples were ground in a glass mortar with sand 
in 20 ¢.c. of an acid solution containing five per cent sulfurie acid 
and two per cent metaphosphorie acid. The ascorbie acid was then 
determined according to the Bessey and King (1933) dichlorophenol 
indophenol titration method as modified by Mack and Tressler (1937). 
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CONCLUSIONS 

From the data presented (Table 1), it will be seen that during 
ordinary cold storage of pears at —1.1°C.(30°F.) there is a loss of 
approximately one-third of the vitamin C during the first month. 
The rapid loss continues during the second month, after which rela- 
tively little loss oceurs. 

Pears stored in the closed containers with small holes lost as- 
corbie acid less rapidly than those stored in open cans. This is 
particularly noticeable in the case of those stored in cans with the 
¥,4-inch holes, in which the loss was not greater in seven months 
than it was in one month’s storage under ordinary conditions. 


TABLE 1 
Ascorbic Acid Content of Fresh, Cold-Stored, and 
Gas-Stored Bartlett Pears 





Ascorbic acid content 


Storage time | Storage at —1.1°C.(30°F.) Fresh | : Dry 
| weight | Dry weight 
basis | Matter basis 





mg./gm. pet. mg./gm. 
Freshly picked .090 14.6 .62 
1 month In open can .064 15.1 42 
2 months In open can .049 14.5 33 
months In open can .047 14.5 | 32 
5 months In can with %4” hole 051 13.6 | 37 


months In can with %4” hole .051 14.1 
In ean with %4”" hole .036 14.0 


3 
5 
5 months In can with %4”" hole 043 14.0 
7 
7 


months 
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Washington, D. C. 


(Received for publication, September 27, 1940) 


In an earlier investigation the senior author conducted a study 
of the incidence of coliform bacteria on vegetables irrigated with 
sewage-laden water and with water which was relatively free from 
pollution. The number of samples examined was too small to per- 
mit definite conclusions to be drawn, but the results showed that 
vegetables irrigated with sewage-polluted water had a considerably 
higher incidence of coliform bacteria on their surfaces than those 
irrigated with nonpolluted water. While Escherichia coli was not 
detected on any of the latter samples, 38 per cent of the sewage- 
irrigated vegetables were contaminated with this organism. The 
incidence of all members of the coliform group similarly was greater 
on vegetables irrigated with sewage-polluted water. Coliform bac- 
teria ranging in numbers from 100 to 10,000,000 per 100 grams were 
found on all vegetable samples which were irrigated with sewage- 
polluted water, and in 77 per cent of the samples over 1,000 per 
100 grams were demonstrated. Of those samples irrigated with 
water which was not heavily loaded with domestic sewage, 62 per 
cent were contaminated with coliform bacteria but only 25 per cent 
showed the presence of over 1,000 coliform bacteria per 100 grams. 
It appeared from these results that the presence of Escherichia coli 
or of large numbers of coliform bacteria on vegetables was indicative 
of feeal pollution. 

In order to evaluate the results obtained in this earlier study it 
appeared desirable to know something of the incidence of coliform 
bacteria on market vegetables grown in different areas which were 
subjected only to the contamination incident to growing and prep- 
aration for marketing. For this purpose 92 samples of vegetables 
from a variety of growing areas were collected from wholesale mar- 
kets in Washington, D. C., and examined for the presence of Esche- 
richia coli, all coliform organisms (including Escherichia coli), and 
the total number of bacteria. This investigation offered an oppor- 
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tunity to compare the productivity of various presumptive media 
used for the detection of coliform bacteria, a subject of fundamental 
importance to those dealing with this group of organisms. The media 
used were standard lactose broth, brilliant green bile two per cent 
(Difeo dehydrated) and the formate ricinoleate broth of Stark and 
England (1935). Previous investigators—Melick (1917) and Mills, 
Bartlett, and Kessel (1925)—have demonstrated that healthy plant 
tissue is sterile. Thus it may be assumed that the microdrganisms 
which may be present are on the surface of vegetables and consist 
accordingly of types found in the soil, water, and on the hands of 
people who have harvested them. It is obvious that intestinal bac- 
teria will be found on vegetables which have been grown in well- 
manured soil. 

Tanner (1932) has summarized the work of early investigators on 
the microbiology of fresh vegetables. Kozyn (1907) found the sur- 
faces of vegetables to be more or less contaminated with Escherichia 
coli, but Eberthella typhi could not be demonstrated in 60 samples. 
Bessel (1907), cited by Tanner (1932), found Escherichia coli 
present on 59.6 per cent of fruits and vegetables purchased in the 
open market which he considered to be due to contamination dusing 
improper storage and to handling. Neumann (1910) reached the 
same conclusion as Bessel. Kurk (1918) examined water eress, let- 
tuece, and celery purchased in open markets in Chicago and found 
Escherichia coli on 22 of 29 samples and streptococci on three. 
Twenty-eight of the samples contained lactose-fermenting bacteria. 
It appears that coliform bacteria are commonly present on market 
vegetables. 

EXPERIMENTAL PROCEDURE 

In general. vegetables ordinarily or occasionally consumed in the 
raw state were selected for examination. Samples were handled, 
where possible. so that only the inedible portions which were not 
ineluded in the prepared sample were touched. The interval between 
collection and examination seldom, if ever, exceeded four hours. 

Preparation of Samples: Samples of leafy vegetables were pre- 
pared for examination by cutting and separating leafy portions so 
that all surfaces would be exposed, weighing them into a sterile 
quart jar, and adding 10 grams of sterile tap water for each gram 
of material. It was found that 10 grams of water per gram of mate- 
rial were necessary to cover and wash vegetables of this type. One 
gram of water was added to each gram of vegetables, such as carrots, 
celery, or radishes, which have relatively small surface areas. Glass 
beads were added to obtain better agitation when shaking. Samples 
were shaken approximately five minutes and then examine”. 
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Methods: To determine the presence of Escherichia coli and other 
coliform bacteria, the procedure used was essentially that which is 
outlined in Standard Methods of Water Analysis (1933). ‘Lactose 
broth, brilliant green bile two per cent, and formate ricinoleate broth 
were inoculated with serial dilutions of washings from each sample. 
Portions used for seeding ranged from 10 c.c. of the undiluted wash- 
ings to one ¢.c. of a 1 to 1,000,000 dilution. Positive presumptive 
tests as indicated by gas formation within 24 or 48 hours were con- 
firmed by streaking a loopful of the broth culture on plates of eosin 
methylene blue agar. Colonies developing on this medium having 
the appearance of Escherichia coli were fished into lactose broth 
and streaked on agar slants for complete confirmation. Such eul- 
tures were purified by plating or repeated streaking and tested for 
the production of indol, for the methyl red reaction, for the Voges- 
Proskauer reaction, and for the utilization of citrate as a source of 
earbon. Only organisms which gave the following reactions were 
recorded as Escherichia coli: indol positive, methyl red _ positive, 
Voges Proskauer negative, and citrate negative. The presence of 
colonies typical of other coliform bacteria was recorded without 
further confirmation. 

Media: Bacto-brilliant green bile two per cent was prepared 
according to directions of the Difco manual; lactose broth according 
to directions of Standard Methods of Water Analysis (1933); for- 
mate ricinoleate according to the directions of Stark and England 
(1935) ; and Levine’s eosin methylene blue agar (Difeo dehydrated) 
according to the directions of the manufacturer. 


DISCUSSION OF RESULTS 

The types of vegetables examined and the state or locality of 
origin are presented (Table 1). 

The incidence of Escherichia coli, of all coliform bacteria, and 
of coliform bacteria in excess of 1,000 per 100 grams on the 92 
samples is presented (Table 2). The data represent the composite 
results obtained with a combination of the three presumptive media, 
so that the incidence recorded is appreciably higher than that ob- 
tained with any one of them. No significant correlation was found 
between total counts and the incidence of coliform bacteria; hence 
these counts are not recorded. Approximately one-third of the sam- 
ples (31.5 per cent) were contaminated with Escherichia coli, whereas 
over three-fourths (78.3 per cent) of the samples contained some 
members of the coliform group. Coliform organisms were present in 
excess of 1,000 per 100 grams in 32.6 per cent of the samples. It 
will be noted that the incidence of Escherichia coli on this series of 
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samples (31.5 per cent) was somewhat lower than that found by 
other investigators (Bessel 59.6 per cent, Kurk 75.8 per cent) which 
may possibly be explained by the fact that their samples were ob- 
tained from retail markets and were, therefore, probably subject to 
greater exposure and handling. 

Although the number of samples from each state or growing area 
was too small to permit a comparison of the results on the basis of 


TABLE 2 


Incidence of Escherichia Coli and Coliform Bacteria 
on 92 Samples of Vegetables 


‘me . . Coliform grou 
Escherichia coli Coliform group {+1000 per 100 a 1 
Number Sa aes mat th nai 
Vegetable of Number Number . Number 
samples | of Per of Per ot 
cent samples 


samples cent samples 


Lettuce : 0 0 12 48.0 4 

Celery 2 12 50.0 24 100.0 1 

RE a cen 6 85.7 100.0 

Re hcccccssinsiveteceouned 5 33.3 : 83.3 

Rin ccitcinctcibsiniwned i 66.6 5 100.0 

Cabbage 20.0 40.0 

20.0 100.0 

50.0 100.0 50.0 

100.0 50.0 
33.3 0 
66.6 | 33.3 

100.0 

100.0 

100.0 

100.0 


to 


Parsley 


9 
to 


PE cecctccsnrisceceneed 


tot 


DI is ccecscvsesseceses 


wo 
— 


Strawberries.. 
Cucumbers.......s.cc0ccecces | 
i sinccnascdepnndeinenniacid 
i ee | 100.0 
Romaine 0 

Chicory 100.0 





—_ bs ht i 1D 





, SN 92 29 31.5 72 78.3 30 32.6 

1 Calculated from the reciprocal of the highest dilution in “which coliform organisms 
were detected. 
origin, a study of the data indicates that there is no significant 
difference in the incidence of coliform bacteria on vegetables from 
various areas. 

The greater incidence of Escherichia coli and other coliform bae- 
teria on vegetables, the edible portion of which grows within the 
soil, as compared with those of which the edible portion grows above 
the soil, appears to be significant (Table 3). The data presented in 
this table are again based on the composite results obtained with all 
three presumptive media. It will be noted that only 88 samples are 
considered in this table since single samples of each of four different 
vegetables were eliminated from consideration. Those vegetables 
Which during growth are in intimate contact with the soil, such as 
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celery, radishes, onions, and carrots, showed a significantly higher 
incidence of Escherichia coli, of coliform bacteria in any number, or 
in numbers over 1,000 per 100 grams of vegetable. 

Increased significance may be assessed to the above data when it 
is recalled that a majority of the vegetable samples of the ‘‘above 
soil’’ type (lettuce, cabbage, and parsley) are leafy and bulky, and 
thus have a much greater surface area exposed to contamination 


TABLE 3 
Comparative Incidence of Escherichia Coli and Coliform Bacteria on Vegetables 
of Which Edible Portion Grows Above and Below Soil 


ABOVE Sor. 


Number Joliform groups 


Vegetable of Escherichia 
samples coli Any | >1,000 
Lettuce 0 1 


Cabbage 


9S 


Parsley 


to oI to te 


MD cicisnicsiiinisccasenssistesucpridiccioesibauieeweieasted 


2 


Tomatoes.. 


— t 


Strawberries 


~ w 
) 


BELOW SOIL 


Celery 

EEN Acer ae eee een On ea CREO 
NNN ac parses sosevwienceseticcamgnoanencnmannniaesiibeieniavedien 
Carrots.... 


Total 





than the compact ‘‘below soil’’ types. However, the opportunity for 
contamination of the interior of such vegetables as lettuee and eab- 
bage is rather remote as the interior leaves have little chance of 
direct contact with the soil. But since the exterior of all ‘‘above 
soil’? samples have ample opportunity for direct contact with the 
soil during growth and harvesting, it is surprising and of interest 
to note the relatively low incidence of Escherichia coli (6.7 per cent) 
on these types as compared with those, the edible portion of which 
grows in the soil (55.8 per cent). 

In the study of the comparative efficiency of standard lactose 
broth, brilliant green bile two per cent, and formate ricinoleate 
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broth as presumptive media for the isolation of coliform organisms 
all three media were used for the examination of only 74 of the 92 
vegetable samples (Table 4). 

While no statistical significance can be attached to single-tube 
inoculations of each dilution in these media, particularly with the 
relatively small number of samples examined, we feel that the results 
tend to indicate their comparative value. 


TABLE 4 
Efficiency of Lactose Broth, Brilliant Green Bile Two Per Cent, and Formate 
Ricinoleate Broth as Presumptive Media for Isolation of Coliform 
Organisms From Fresh Vegetables 


Escherichia coli Coliform group ? 


Number Number Number Number 
Medium positive positive positive positive 
samples samples samples samples 
all three each all three each 
media medium media medium 


Lactose broth mene 16 ini 51 
25 59 

B. G. bile 2% (33.7%) 19 (80.7%) 54 

Formate ricin ane 11 jaa 49 


Isolation of Escherichia coli: 


Lactose broth + : Both other media times. 
One other medium 5 times. 
Lactose broth : Both other media times. 
One other medium times. 


. bile 2% : Both other media > times. 
One other medium } times. 
. bile 2% : Both other media time. 
One other medium 5 times. 


Formate ricin. : Both other media time. 
One other medium 3 times. 
Formate ricin. : Both other media - times. 
One other medium times. 


1 Includes Escherichia coli. 


Escherichia coli and other coliform organisms were detected in a 
larger number of samples with brilliant green bile two per cent than 
with either of the other two presumptive media. The superiority of 
brilliant green bile two per cent was particularly marked in the 
detection of Escherichia coli when these organisms were present in 
relatively small numbers. Escherichia coli and other coliform organ- 
isms were isolated from brilliant green bile two per cent in a greater 
number of instances when one or both of the other two media were 
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negative, than was the case with standard lactose or formate ricinole- 
ate broths. Conversely, brilliant green bile two per cent yielded 
negative results when one other medium was positive only five times 
and when both other media were positive only once. Formate ricino- 
leate broth rarely produced positive results when one or both other 
media were negative, and at the same time failed to detect Esche- 
richia coli in ten instances when one other medium was positive, and 
in four instances when both other media were positive. Lactose 
broth oceupied a position between brilliant green bile two per cent 
and formate ricinoleate broth in efficiency, but it was definitely 
superior to the latter and slightly inferior to the former. 

It is significant that the total number of samples positive for 
Escherichia coli (25 or 33.7 per cent) or for all coliform organisms 
(59 or 80.7 per cent) which resulted from combination of all three 
media was appreciably greater than the number of positive samples 
obtained with any one medium. However, the combination of stand- 
ard lactose broth and brilliant green bile two per cent failed to 
detect the presence of Escherichia coli and of coliform organisms in 
only one instance, and it is suggested that there may be a decided 
advantage in the use of a combination of these two media in the 
examination of food products for coliform organisms. 


SUMMARY AND CONCLUSIONS 

Ninety-two samples of 14 varieties of vegetables from 10 differ- 
ent localities were examined. 

Escherichia coli was present on 31.5 per cent and coliform organ- 
isms on 78.3 per cent of the vegetable samples. 

The incidence of Escherichia coli and of all coliform organisms 
was much greater on samples of those vegetables the edible portion 
of which grows below the soil than on those vegetables the edible 
portion of which grows above the soil. 

No significant difference was found in the incidence of coliform 
organisms on vegetables grown in different areas. 

Brilliant green bile two per cent was slightly more efficient than 
standard lactose broth and much superior to formate ricinoleate 
broth as a presumptive medium for the detection of Escherichia coli 
and of all coliform organisms. 


The results of this study suggest that there is an advantage in 
the use of a combination of brilliant green bile two per cent and 
standard lactose broth for the detection of coliform organisms in 
food products. 
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Previously Harris, Wissmann, and Greenlie (1940) reported the 
results of an extended series of determinations which showed that high 
humidity and low air movement caused considerable improvement in 
the maintenance of ascorbic acid (vitamin C) during refrigerated 
storage. Six vegetables stored at 65 per cent relative humidity and 
with an air movement averaging approximately 10 feet per minute 
showed 64 per cent greater destruction of ascorbic acid than when 
stored at 93 per cent relative humidity with an air movement aver- 
aging approximately two feet per minute. Results were also given 
of preliminary experiments using bioassay methods which indicated 
that vitamin A (more correctly provitamin A) was better preserved 
in vegetables when stored under these conditions. The present paper 
is a report of an intensive study using lettuce as a typical important 
vegetable to determine more accurately the effect of humidity and 
air movement on the preservation of its provitamin A. 


EXPERIMENTAL PROCEDURE 
The two refrigerators used in this study were identical with the 
two types used previously. The cabinet of the conventional refrig- 
erator (A) had a relative humidity which averaged 69 per cent, 
while the food compartment of the special refrigerator (I1) averaged 
88 per cent. On the floors of both refrigerators there were pairs of 
designed for use in the household in the stor- 


, 


covered ‘‘hydrators,’ 
age of fragile vegetable foods. 

The relative humidities were determined with four electrically 
operated psychrometers located (No. 1) in the center of the floor of 
the right hydrator, (No. 2) on a platform in the center of the lower 
shelf of Refrigerator A and in the same location in (No. 3) the right 
hydrator, and (No. 4) on a platform in Refrigerator H. Temperature 
measurements were by thermocouples placed beside psychrometers 
No. 2 and No. 4. 
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All lettuce was obtained from the same local greenhouse between 
November 29, 1939, and January 3, 1940. During this period of the 
vear the rate of growth of hothouse lettuce plants varies consider- 
ably owing to fluctuations in temperature and solar radiation. It 
therefore seemed preferable to use plants of the same degree of 
maturity rather than of the same age. Accordingly, the lettuce was 
selected just before ‘‘heading up,’’ thereby obtaining open head 
lettuce of approximately the same maturity (+ two days). 

On Monday and Friday of each week one bushel (18 plants) 
was taken by the roots from the soil, placed in a bushel box without 
washing, covered with craft paper, taken to the laboratory and stored 
24 hours at room temperature to approximate market conditions. The 
lettuee was then thoroughly washed to remove adhering loam, and 
the small, discolored or imperfect leaves were discarded. The five 
outside leaves from each plant were placed in five separate piles, 
successive leaves being placed in each group in rotation to ensure 
random selection. The 18 leaves of each group were gently pressed 
with toweling to remove standing moisture. 

Ordinarily in the household lettuce is stored so that the leaves 
receive little exposure to the atmosphere of the refrigerator. To ac- 
centuate any effect of the differences between the two sets of storage 
conditions to permit a more accurate measurement, the individual 
lettuce leaves were arranged to allow greater surface exposure by 
threading a copper wire through the stems of the leaves so that 
they hung freely in an inverted position in the refrigerator com- 
partment. Because it was not possible to duplicate these conditions 
in the relatively small hydrators, the leaves were threaded on wires 
which were attached to the wall three and three-fourths inches above 
the bottom of the pans in contact with one another and with the 
bottom. 

Moisture loss was determined by weighing four groups of leaves 
before and after seven days of storage. The fifth group was not 
stored. The extent of the dehydration is shown (Table 1). 

There was markedly less dehydration of the lettuce leaves stored 
in the refrigerator (H) which had higher humidity and lower air 
movement. Because it was not readily feasible to maintain the same 
position in both refrigerators at an identical temperature, 5°C. 
(41°F.), the temperature of the H refrigerator was adjusted to run 
very slightly warmer in the compartment area than was that of 
the A refrigerator. Thus any observation favorable to the H cabinet 
could not be ascribed to better temperature conditions. Owing to 
the better refrigeration design of the H refrigerator, however, in 
which temperatures were substantially uniform throughout instead 
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of several degrees warmer at the bottom of the cabinet, the tempera- 
ture of the hydrator in the H refrigerator was lower than that in 
the A refrigerator. 
BIOASSAY PROCEDURE 

The 320 Sprague-Dawley-Wistar strain male rats used in this 
study entered the test when 22 to 26 days old and 39 to 50 (average 
44.4) grams in weight. Previously they had been raised in accord- 
ance with the USP XI procedure (U. S. Pharmacopoeia, second sup- 
plement, page 134, official January 1, 1940). In so far as possible, 
the bioassays were conducted according to this procedure. During 
the entire test period each rat was separately housed in a galvanized 


TABLE 1 
Average Dehydration of Lettuce Leaves During Seven Days’ Storage in 
Relation to Temperature and Relative Humidity 


Average weight of samples 


— Average Average 
Refrigerator and After : tempera- relative 
position Before 7 davs’ Moisture ture humidity 
storage storage oss . 
ym, gm. pet. ‘il "f. 
A, open compartment.... 96.6 33.9 64.8 40.7 69.1 
H, open compartment.... 91.1 53.0 46.0 41.6 88.0 
Be, RE oicccinccinicccctenis 97.5 83.1 14.9 45.6 96.1 
ED, WY OLR .. vn vessccrecesosses 97.1 89.1 8.1 41.2 98.3 


wire cage with a raised bottom. Water (U.S.P.) was supplied ad 
libitum. 

Of this group 250 animals developed evidences of vitamin A 
deficiency at approximately the same time. These were distributed 
in five groups, the average weights of which varied between 86.3 
and 88.9 grams, well within the U.S.P. recommendation that the 
difference between the groups be 10 grams or less. 

During the next five weeks each rat in each of the five groups 
received lettuce as a supplement to the basal diet. As the rate of 
weight increase is not proportional to the quantity of vitamin A (or 
provitamin A) fed, while the same rate of growth is assumed to 
be due to the same amount of this vitamin, the feeding levels were 
adjusted so that each of the five groups would grow at approxi- 
mately the same rate. 

The first feedings of lettuce supplement were based upon pub- 
lished reports on the vitamin A content of hothouse lettuce. Sub- 
sequent feedings were readjusted so that the same acceptable rate 
of growth in each group would be obtained. These minor changes 
in feeding level were necessary throughout the whole test period 
because of variations in the potency of successive batches. 
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Preliminary attempts were made to macerate the lettuce leaves 
so that oil suspensions of the lettuce could be fed by calibrated 
droppers. However, because lettuce stored in the open compartments 
was so wilted that it would not macerate finely enough, it was neces- 
sary to feed the macerated tissue mixed in the basal diet. 


Each batch of stored or fresh leaves was passed five times through 
a small meat chopper. A calculated quantity of this macerated tissne 
was weighed in a beaker and mixed thoroughly with 10 grams of 
olive oil (to minimize oxidative destruction of the provitamin). 
About 100 grams of basal diet were added and thoroughly mixed 
with the oil mixture and then incorporated into a large batch of 


TABLE 2 
Effect of Seven Days’ Refrigerated Storage on Vitamin A 
Potency of Lettuce 


| 

| | 

| Average | Adjusted 7 Pro- 

Refriger- | Lettuce | weight | weight Be ne |Relative vitamin 

atc - |fed/rat/| gain | gain /rat/ 35 days | vitamin A 
od Storage | 35 days | /rat/ /rat/ | ‘(fresh basis) | Potency destruc- 

(fresh 35 days | 35 days | | tion 
basis) 


Position of average weight | 


gm, } gm. pet. 
| Open compartment, 2.831 43.64%.5, 43.6 2.831 +.031 69 31 
Open compartment) 2.293 |42.0+.4) 43.6 | 2.380 +.025 82 18 
| Hydrator 2.043 4184.5) 43.6 | 2.131 +.021) 92 8 
| Hydrator 1.983 |42.0+.5 43.6 | 2.0585+.025 95 5 
Unstored 1.958 |43.6+.6 43.6 1.958 +.041| 100 


the basal diet until a well-mixed batch of 750 grams was obtained. 
Fifteen-gram (+ .6 per cent) portions of this mixture were fed to 
each of the 50 rats in one group. When this mixture was consumed, 
usually within 24 hours, each rat was given additional unsupple- 
mented basal diet until the next lettuce feeding three to four days 
later. During the five weeks of the test each animal was weighed 
twice weekly, on the day preceding each feeding of lettuce. The 
pertinent data relative to the weights of lettuce fed to each group 
and the resulting growth response appear (Table 2); in this table 
are listed the amounts of unstored and stored lettuce which were 
fed to each group during the five-week test period and the average 
increase in weight which these feedings produced. There is no sig- 
nificance in the small differences in these weights. An attempt was 
made to put the data on an equal basis by caleulating the amount 
of lettuce needed to produce the same gain in weight (43.6 grams) 
in Groups 2, 3, and 4 as was produced in Groups 1 and 2. In doing 
this, it is assumed that there is a linear relation between gain in 
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weight and amount of lettuce fed, an allowable assumption in deal- 
ing with such small differences. 


DISCUSSION 

As the U.S.P. diet for vitamin A assay is deficient only in vita- 
min A, supplements which produce the same growth response in 
avitaminotie rats may be said to contain the same amount of vitamin 
A, or provitamin A, available to the rat. It follows therefore that 
the ratios of the amounts of lettuce necessary for the production 
of equal weight gains in each of the five groups represent the relative 
provitamin A potencies of the lettuce fed to each group. 


The data (Table 2) show that the lettuce stored in the open com- 
partment of Refrigerator A contained 84 per cent as much provitamin 
A as that stored in the same position in Refrigerator H. Since the 
temperature of storage was essentially the same, this difference in 
the preservation of provitamin A cannot be ascribed to the small 
difference which existed, especially since the greater destruction was 
obtained during storage at a temperature .9°F. lower. It, there- 
fore, appears that the greater destruction correlates with the greater 
loss in moisture content during the storage period. 


It is possible that a part of the greater amount of destruction of 
provitamin A in the A hydrator is due to temperature differences 
since the temperature of storage was 7.5°C.(45.6°F.), whereas the 
temperature in the H hydrator was 5.1°C.(41.2°F.) during the 
period of storage. In view of the results obtained with lettuce stored 
in the open compartment a significant amount of the destruction of 
provitamin A in the hydrators was largely due to dehydration of the 
lettuee. This is plainly shown by a comparison of the results ob- 
tained in the open compartment and the hydrator of the H refrig- 
erator. In this instance, the lettuce was stored at 41.6 and 41.2°F. 
Nevertheless, the loss in the open compartment was nearly four times 
as great. Again it appears that the loss was largely due to loss of 
moisture from the vegetable tissue. 


The pereentage of destruction in provitamin A has been plotted 
(Fig. 1) against the percentage of moisture loss. It may not be 
entirely accurate to connect Point 2 with the others since the data 
from which Point 2 was derived were obtained from lettuce stored 
at a temperature somewhat higher than the others. It is clear that 
the amount of provitamin A destruction during the dehydration of 
lettuce varies more or less in proportion to the degree of its dehydra- 
tion. The rate of destruction appears to increase, however, after 
some 40 per cent of the moisture has been lost. 
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By the time approximately 30 per cent of the weight of lettuce 
is lost, the leaves become wilted. One can, therefore, rely upon the 
extent of wilting as an index of loss in vitamin content, at least 
the provitamin A content. It follows, therefore, that in the storage 
of fresh vegetables, one should strive to obtain those conditions which 
would delay dehydration of the tissue. Our experiments indicate 
that one can go far toward attaining this objective by storing green 
vegetable tissues in humid atmosphere in which there is little air 
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Fig. 1. Relationship between loss in moisture and in provitamin A of lettuce 
leaves stored seven days at (1) 41.2°F., 98.3% R. H.; (2) 45.6°F., 96.1% R. H.; 
(3) 41.6°F., 88% R. H.; and (4) 40.7°F., 69.1% R. H. 


movement. Furthermore, the evidence indicates relative humidity, 
or better its corollary relative aridity, is at least as important as 
temperature in the preservation of foods. 


SUMMARY 


The effect of temperature, humidity, and air movement on the 
loss in provitamin A in a typical leafy vegetable (lettuce) has been 
measured by bioassay. Lettuce was refrigerated for seven days at 
(1) 40.7°F. and 69.1 per cent relative humidity, (2) 41.6°F. and 
88 per cent relative humidity, (3) 45.6°F. and 96.1 per cent relative 
humidity, and (4) 41.2°F. and 98.3 per cent relative humidity. Air 
movement averaged about 10 feet per minute in (1), two feet per 
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minute in (2), very low in (3), and virtually nil in (4). Provitamin 
A loss was measured against fresh lettuce feeding to five groups of 
50 avitaminotie rats in amounts sufficient to produce equal growth 
during a five-week test period. 

The rate of provitamin A destruction during dehydration of let- 
tuce is apparently linear until about 40 per cent of its weight is 
lost, then the destruction appears to be accelerated. 

By the time 30 per cent of the weight is lost, lettuce becomes 
wilted. Wilting may be used as an index of loss in initial vitamin 
content, at least with respect to provitamin A. 

The extent of provitamin A destruction did not correlate with 


the difference in temperature during storage as well as with the 
percentage loss in moisture. Moisture loss is a function of relative 
humidity and air movement. Therefore, in the preservation of the 
vitamin content of vegetables, it appears that high humidity and 


low air movement are important. 


REFERENCES 
Harris, Ropert S., WisSMANN, Harry B., AND GREENLIE, Davin, 1940. The 
effect of reduced evaporation of the vitamin content of fresh vege- 
tables in refrigerated storage. J. Lab. & Clin. Med. 25, 838. 








ASCORBIC ACID CONTENT OF PIGMENTED FRUITS, 
VEGETABLES, AND THEIR JUICES’? 


MARY MANN KIRK anp DONALD K. TRESSLER 
New York State Agricultural Experiment §tation, 
Geneva, New York 


(Received for publication, October 4, 1940) 


REVIEW OF THE LITERATURE 

The chief source of vitamin C in the diet is fresh fruits and 
vegetables. Comprehensive studies of the ascorbic acid content of 
a group of these products, namely the red-pigmented ones, are 
lacking. This is due to the difficulty in making determinations on 
pigmented extracts. Juices which are rapidly gaining in public 
favor are now extracted from many of these fruits; however, few 
investigations have been made of the changes in vitamin C content 
caused by the extraction and processing of the juices. 

In reviewing the literature great variation in the terminology 
and methods was found. Potency was expressed as Sherman units, 
International units, milligrams per gram, grams per protective dose, 
and even such terms as good, fair, and poor. An effort has been made 
to convert these results as accurately as possible into milligrams per 
gram. A Sherman unit was taken as representing the antiscorbutic 
activity of .5 to .6 mg. of l-ascorbie acid and an International unit 
that of .05 mg. A very complete summary of the ascorbic acid 
content of fruits and vegetables has been compiled by Daniel and 
Munsell (1937). In many instanees little information is given con- 
cerning the variety, freshness, and treatment of the product. 

Numerous factors other than species affect the ascorbic acid con- 
tent of a product; of these, variety is one of the most important. 
For the ascorbie acid content of strawberries, expressed as milli- 
grams per gram, Charley (1937) reported values of .33 to .64 (three 
varieties); Fellers and Mack (1933), .25; Fitzgerald and Fellers 
(1938) found .21 and .13 in the reduced form, with .23 and .13, 
respectively, after regeneration with hydrogen sulfide; von Hahn 
(1931) got results as high as 1.00; Illyuviev and Ulanova (1937) 
found values from .25 to .92 (10 varieties); Kohman, Eddy, and 
Halliday (1928), .17 to .25 (one variety); Mathiesen (1938), fresh, 
.69 and canned, .59; Olliver (1938), .56 to .69 (five varieties) ; 
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Onakhova (1937), .42 to 1.12 (six varieties); and Satterfield and 
Yarbrough (1940), .36 to .56 (seven varieties). Raspberries have 
been found to contain: .21 to .34 milligram per gram by Charley 
(1937) (eight varieties) ; .13 to .30 by Illyuviev and Ulanova (1937) 
(11 varieties); and .29 to .44 by Onakhova (1937) (five varieties). 
Determinations on peaches show the following ascorbic acid contents: 
01 to .23, Chi and Read (1935) (two varieties); .02 to .15, Floyd 
and Fraps (1939) (five varieties); raw and canned, .10, Kohman, 
Eddy, Carlsson, and Halliday (1928); and almost lacking, Newton 
(1931). The ascorbic acid content of plums was reported as fol- 
lows: .02 to .08 by Floyd and Fraps (1939) (three varieties) ; .05 
by von Hahn (1931); and fresh, .06 and canned, .05 by Mathiesen 
(1938). <A great variation occurs in blueberries depending upon 


whether they are high-bush or low-bush varieties. Fellers and Isham 


(1933) found .10 for high-bush and .03 for low-bush; Merriam and 
Fellers (1936), .04 and .05 (four varieties) ; and Bessey (1938), .06. 
Cherries are low in vitamin ©. Results obtained were as follows: 
a trace, by Charley (1937) (Napoleon variety); .14. by Chi and 
Read (1935); .10, by Lunde; and in fresh cherries .09, and canned, 
.07, by Mathiesen (1938) (Morello variety). Dewberries contain 


practically no vitamin C aecording to Bukin, Povolotzkaya, and 
Onakhova (1934). The ascorbic acid content of eggplants was re- 
ported as .07 by Chi and Read (1935), and .015 by Gomolyoka 
(1937) (five varieties). 

There are factors other than variety which must be considered 
in comparing the ascorbic acid content of fruits and vegetables. 
Fitzgerald and Fellers (1938) found a variation of 44 per cent be- 
tween varieties grown in different localities. Virtanen (1936) reports 
a lowering of ascorbic acid content owing to soil acidity and exces- 
sive concentrations of potassium, phosphorus, and salt. Adequate 
fertilization may increase the vitamin ( content, Tressler. Mack, and 
King (1936). Ascorbic acid content varies from season to season, 
Tressler, Mack, and King (1936), and with the part of the season 
the fruit is picked, Johansson (1936) and Olliver (1938). Light 
seems to have a great influence on the vitamin C content of fruits, 
Johansson (1936), Mituda (1938), Murphy (1939), and Zilva and 
Morris (1935). Fruits exposed to the sun during their development 
were found to have a higher amount of vitamin ( than _ those 
growing in the shade. That half of the fruit most exposed to the 
sun’s rays, and consequently more highly colored, gave a_ higher 
value than the other half. The ascorbic acid content changes with 
the ripeness of the fruit according to Kohman, Eddy, and Halliday 
(1928). There is variation from fruit to fruit, Johansson (1936), 
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and results obtained from different parts of the same individual 
fruit may also vary considerably, Olliver (1938); Paech (1938), 
and Zilva and Morris (1935). 

When considering factors affecting the loss of ascorbic acid it 
can generally be assumed that oxidation rather than heat is respon- 
sible for losses during heat treatment of foods. If the vitamin is 
heated in the absence of air, it is stable, according to Lunde; Pien 
and Meinrath (1939); and Rabak (1939). It has even been shown 
that oxygen in the air spaces between cells oxidizes a considerable 
portion of ascorbie acid, Paech (1938). 

In processing, Isham and Fellers (1933) report that when cran- 
berry juice was bottled and pasteurized there was very little reten- 
tion of ascorbie acid. This was true regardless of whether the juices 
were sweetened or unsweetened or sealed in the bottles with or with- 
out vacuum. Strained sauce retained less than 20 per cent. Thus 
the pulping or straining process has a decidedly deleterious effeet 
upon the antiscorbutic vitamin. According to La Mer, Campbell, 
and Sherman (1922) there is greater destruction with a higher pH. 
The use of sugar did not aid in the retention of the vitamin, Rabak 
(1939). 

EXPERIMENTAL PROCEDURE 

The use of the electrometric titrimeter to determine points on 
a titration curve, Kirk and Tressler (1939), was the method found 
most satisfactory for the determination of ascorbic acid in pigmented 


extracts. Weighed samples of solid material were placed in mortars 
containing 30 ml. of five per cent sulfuric acid and two per cent 
metaphosphorie acid and were ground with acid washed sand. After 


transfer to tubes, they were centrifuged until clear and the super- 
natant liquid was poured off into 100-ml. volumetric flasks. Washing 
of the material was repeated with 30-, 20-, and 20-ml. portions of the 
extractant solution. The extract was made up to volume with dis- 
tilled water. Weighed portions of juice were diluted directly up 
to 100 ml. in volumetric flasks. No extracting or centrifuging was 
necessary for juices. The procedure followed in the titration was 
the same as that deseribed by Kirk and Tressler (1939). 

The 2,6-dichlorophenolindophenol used for titrating was stand- 
ardized daily by the thiosulfate method as described by Buck and 
Ritchie (1938). Ten milliliters of the dye solution were added to a 
solution containing an excess of potassium iodide (two to three 
grams) in 15 ml. of water. Then 10 ml. of .1 normal hydrochloric 
acid were added, and the resulting solution was diluted to 50 ml. 
The solution was allowed to stand for two minutes after the addi- 
tion of the acid to allow the reaction to come to completion. The 
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iodine liberated by the oxidation was then titrated with a standard 
.01 normal sodium thiosulfate solution, using starch as an indicator. 
As the end point of the titration was approached, the blue starch- 
iodine color changed to a reddish-pink color. However, the end 
point was taken at the point where there was complete extinction 
of the color. One milliliter of the .01 normal thiosulfate is equiva- 
lent to .88 mg. of ascorbic acid, so that from the amount of thiosul- 
fate used the value of the dye solution could be determined. Seventy 
milligrams of 2,6-dichlorophenolindophenol were dissolved in 100 ml. 
of distilled water to make up the dye solution. 

To check the titrimeter determination on strawberries, a_bio- 
logical assay was run on strawberry juice. The curative modifica- 
tion of the standard procedure of Sherman, La Mer, and Campbell 
(1922) was used. In order to supply more of the vitamin B complex 
and some vitamin D, the basal diet fed was modified to the following 
proportions : 

Wheat bran 30 parts 
Rolled oats 30 parts 
Heated skim milk powder 30 parts 


Clarified butter fat 10 parts 
3 parts 


For about two weeks guinea pigs were kept under observation on 
the basal diet with a supplementary ration of 10 grams of erisp, 
fresh spinach. This standardization period was to assure normal 
growth rate and permitted an opportunity to remove any animals 
which did not show normal growth and good health. 

When the animals weighed 300 to 350 grams, the period of de- 
pletion was started. The test animals were fed the basal diet only, 
without a vitamin C supplement, to deplete their general tissue 
reserves of vitamin C. At the end of 12 days they were just begin- 
ning to slacken in growth rate, with an occasional animal showing 
slight wrist swelling. Most of the animals, however, were normal as 
far as external appearance was concerned, and would not show 
marked lesions at autopsy. If left on depletion one or two days 
more, definite signs of seurvy would have started to appear. 

After depletion, the animals were divided into groups and feed- 
ing was begun with weighed portions of the test food. The quantity 
to be fed was calculated from the electrometric titration value. The 
food was fed by pipette so there was no opportunity for oxidation. 
The animals were fed daily including Sunday. Considering that the 
maintenance level is the most sensitive one at which to measure the 
difference in vitamin C potency, the only feeding level used was .5 
mg. of ascorbic acid per guinea pig per day. 


bed 
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Three groups of animals were fed. The basal diet of Group A 
was supplemented by one ml. of an aqueous solution of ascorbic 
acid containing .5 mg. of the vitamin; Group B received one ml. of 
strawberry juice; and Group C was kept as a negative control and 
was fed only the basal diet. At the end of 21 days of test feeding 
autopsies were performed on all remaining animals. The average 
scurvy score was taken for each group to supplement the weight 
record. Sherman, La Mer, and Campbell (1922) recommended a 
90-day preventative period; but King (personal communication) 
found that a 21-day curative method was preferable since it gave 
satisfactory results and greatly reduced the assay time. 

The food tested in this biological assay was bottled strawberry 
juice made from the Culver variety. The berries were steam blanched 
in shallow trays for one minute and ten seconds, pressed through 
muslin cloth, and the juice pasteurized at 76.7°C.(170°F.). The juice 
was stored in colorless, four-ounce bottles in a dark room from June 
20, when bottled, until about February 18, when the feeding was 
commenced. A new bottle of juice was opened each day in orier to 
eliminate possible oxidation between feedings. Electrometric analyses 
of several bottles showed a uniform vitamin C content. 


The autopsy scores for pure ascorbic acid agreed closely with the 


strawberry-juice values as obtained by electrometric titration (Table 
1). The slightly lower autopsy scores of the animals fed strawberry 
juice were probably due to the small amount of viscous juice which 
adhered to the outside of the graduated pipette and was consumed 
by the guinea pigs without being measured. It will be noted that 
this difference is small, however, when comparison is made with the 


negative controls. 


FACTORS AFFECTING ASCORBIC ACID CONTENT OF FRUITS 

Variety studies were made on strawberries, raspberries, blueber- 
ries, plums, peaches, blackberries, cherries, and turnips (Table 2). 
In each case the different varieties were grown on adjacent plots and 
received the same fertilizer and care. The titrimeter method of de- 
termination has already been described. Care was taken to obtain 
as nearly a representative sample as possible. Several samples were 
taken of each variety and small segments were taken from both sides 
of each individual fruit. This was done to average differences caused 
by the ripeness of the individual fruits and the amount of sunlight 
received on the side sampled. Firm, ripe fruits were used. Straw- 
berries were considered an excellent source of ascorbic acid; rasp- 
berries and turnips, fair sources; blueberries and peaches, poor 
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TABLE 2 


Ascorbic Acid Content of Various Products 








Number of Average 


> 
auc 
Product tests run value 


Strawberries mg./gm. 
Culver 60 
Bouquet ) 6 
Clermont. ‘ 
Dorsett oo 
Beacon , 04 
SIRS sisssissaccoisesietadn invaptadsiccmesanisitabinatamadtevns j 68 
Redheart S84 
Southland... : 93 
Chesapeake : 63 
fe easctesieeheas ht aad aban eemernmans ¢ 40 
Camden 4 


9 
o 
9° 
» 


Raspberries 


Viking 
Cuthbert.. 
Newburgh 
Latham 
Taylor 


wo ee He + LI 


Lloyd George 


Blueberries 
ONIN cares caistrccsccvatcresaredabincvepcenssmnsactesasenend 
Cabot 
Pioneer 
Rubel 
Jersey 


Concord 


Plums 
Shiro 
California Blue. 
Monitor 
Yellow Egg 


fo t5 09 fo vO 


Crawford 


Cherries 
Montmorency 09 


Napoleon tees Not 
measurable 

Turnips 

White Globe 

Surpee White Globe.... 

Hot Dutch 

Cowhorn 

White 


47 
43 
48 
40 


96 
32 


2 


¥ 
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sourees; and blackberries, plums, cherries, and dewberries, very poor 
sources. 

Many variables were found in selecting representative samples; 
a few are shown in accompanying tables. Daily variation must be 
considered in comparing results (Table 3), as must the portion of 
the fruit used. Although only a small portion of the fruit by weight, 
the skins of peaches show a much higher vitamin C content per gram 


TABLE 4 

Ascorbic Acid Content of Skin and Flesh of Peach Varieties 
Variety — 
mg./gm. 
Richmond, pulp .09 
REE ae ae rere a eer eee ee Re ORT TORN ENE od 
Goldfinch, pulp .06 
Goldfinch, skins ee ial .14 
Vedette, pulp 12 
MN MN aiciceric coccassspciscdcussunccsssncscesvnnseoaseedntarbindecsneasennes 28 
St. John, pulp 13 
RNs ae oe eee aR TE ET er Cee me ee ERT 41 
Valiant, pulp.... me .08 
a aa al .24 
Halehaven, pulp .08 
I is £5) 
Eclipse, pulp .14 
Bs MN ainsicn ubarescecoovnneuncinsiesspeumsenacaaensianinnmnnmniiiniie 28 
.O7 
28 


Veteran, pulp 

pA EET ante Ie sae ee ere NT eee en OPE a 
Morse I, pulp 12 
Morse I, skins..... ig 17 
Morse II, pulp 07 
I a i else enniemioaed 14 
Ideal, pulp .07 
Ideal, skins Rs 


than does the pulp (Table 4). Eggplant skins have a much higher 
ascorbie acid content than does the pericarp immediately under the 


skin and the center portion (Table 5). 


ASCORBIC ACID CONTENT OF FRUIT JUICES AND FRUIT PULPS 
Recently unfermented fruit juices have become an important com- 
mercial product. There is little information available, however, as 
to the vitamin content of the juices and the effect of processing them. 
Studies were made on strawberry, raspberry, peach, and apple juices. 
Only small experimental batches of the berries were used for juices. 
The berries were sorted to eliminate partially decayed fruit and 
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washed in cold water. Strawberries were sliced in a rotary slicing 
machine with blades one quarter of an inch apart. Peaches were 
pitted before pressing or pulping. If pressed cold, the fruits were 
squeezed in a hand press through heavy muslin cloth; if they were 
hot pressed, they were heated in a double boiler to the temperature 
desired before pressing through the cloths. Fruits were pulped in a 
continuous tomato-juice extractor using a screen with .02-inch, cir- 
cular perforations. Sugar was added before heating. Deaeration was 
earried out by running the juice over the inside surface of a glass 
globe which had been evacuated to a pressure of five inches, Mottern 
and von Loesecke (1933). Apple and cherry juices were pasteurized 
in a flash pasteurizer. The berry juice was heated in a double boiler 
or small, steam-jacketed kettle to the desired temperature. Bottles 
were completely filled with the finished juice. They were then 
capped and immersed in a hot-water bath at 170°F. for five minutes 
to sterilize. Apple juice was prepared on a larger scale. The apples 
were washed, run through a grinder, and pressed cold through coarse 
press cloths in a large hydraulic press of the type commonly used for 
the manufacture of cider. 

Most of the vitamin C that was lost disappeared in the prep- 
aration of the fruit or juice before heating. Heating caused an 
inactivation of the ascorbic acid oxidase thus inhibiting further 
oxidation of ascorbie acid. Also, it resulted in the loss of dissolved 
air. In general, it may be said that any process necessitating the 
handling of the fruit before heating results in lowered ascorbic acid 
retention, while any processing after heating has little effect. The 
temperature of pasteurization seems to be of little importance. Re- 
sults obtained on the effect of processing these fruit products are 
shown (Tables 6 and 7). 

Bottles of the juice were stored in a dark room for testing at one 
and eight months. There was no significant change in the vitamin C 
content. This is probably due to the fact that the air in the head 
space of the bottle and that dissolved in the juice had been eliminated 
largely and the fact that the oxidizing enzyme had been inactivated 
completely. 

The greater loss of vitamin C with increased sugar concentrations 
was probably caused by the larger amounts of air incorporated dur- 
ing the stirring required to mix the fruit and larger amount of sugar. 

Since the whole process of the preparation of apple juice is ear- 
ried out without heating, enzyme action is not inhibited and an al- 
most complete luss of ascorbic acid results. In some varieties of apples 
a large amount of the vitamin is retained in the pomace, which is 
disearded. 
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TABLE 7 


Ascorbic Acid Content of Fruits and Fruit Juices 


Without 


Fresh sugar 


mg./gm. mg./gm, 
Raspberries 

Fresh (Marey) 26 
Heated to 65.6°C.(150°F.), pressed.... 3 
Heated to 65.6°C.(150°F.), pressed, 50% sugar added, 

ae as WI ee ciate casas insssecennvaicensensneonensnne |} 13 
Heated to 65.6°C.(150°F.), pressed, 50% sugar added, | 

heated to 76.7°C.(170°F.), deaerated.............cccccccccsssseeeee| .08 
Heated to 65.6°C.(150°F.), pressed, 65% sugar added, | 

heated to 76.7°C.(170°F. 07 
Heated to 65.6°C.(150°F.), pressed, 65% 

heated to 76.7°C.(170°F.), deaerated 04 


Peaches 

Fresh (South Haven), pulp.............. 

Fresh (South Haven), skins.............. 

South Haven, stored 4 days, pulp 

Bowth TEaven, StoveS 4S GAYS, GEIIG .ccccccscccescseocccssvcesicseccccccoeses 

Heated to 65.6°C.(150°F.), pressed 

Heated to 65.6°C.(150°F.), pressed, heated to 76.7°C. 
oy, Be EE ae Lae tereeee Orne neta 

Heated to 54.4°C.(130°F.), pressed 

Heated to 54.4°C.(130°F.), pressed, heated to 54.4°C. 
gt SRE ES ON SETS erator eee eee 

Heated to 54.4°C.(130°F.), pressed, heated to 54.4°C. 
130°F.), deaerated, heated to 76.7°C.(170°F.)..........00 


Heated to 54.4°C.(130°F.), pressed, heated to 76.7°C. 
tg SS ssebioas , 

Sliced, cold pressed 

Sliced, cold pressed, heated to °C.(170°F.) 


Apples (Baldwin) 
Fresh apple 
Crushed apple 
Juice, fresh 
Juice, after standing at room temperature 1 hour 
Juice, after standing at room temperature 3 hours............. 
Juice, after standing at room temperature overnight... 
Pomace 


Apples (Greening) 
Fresh apple 
Crushed apple. 
Juice, fresh 
Juice, after standing at room temperature 
Juice, after standing at room temperature 3 hours...... 
Juice, after standing at room temperature overnight... 
Pomace 


Apples (one part Greening, two parts Cortland) 
Crushed apple 
Pressed pomace.... 
Fresh juice 
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Regenerating the samples with hydrogen sulfide was unnecessary 
for most of the juices tested. Biological assay showed this to be true 
for bottled, stored strawberry juice; and comparison of regenerated 
and unregenerated results demonstrated this on other juices. 

In the ease of berry juices which were handled in small lots in 
the laboratory, deaeration caused a small loss of ascorbic acid. This 
was probably due to the additional handling of the juices which this 
involved. 

In preparing frozen, pulped strawberries the washed and stemmed 
fruit was pulped using a tapered, foree-feed type of continuous 
screw press having a screen with .02-inch perforations. A weighed 
amount of sugar was added to each batch. The product was packed 


TABLE 8 
Ascorbic Acid Content of Frozen Culver Strawberry Pulp After 
One Month’s Storage 





Calculated 
as sugar-free 
pulp 


Whole 


Treatment 
pulp 


mg./agm, mag./f/qm. 
Pulped cold, 50% sucrose added 24 | 35 
Pulped cold, 35% sucrose added 31 42 
Pulped cold, 25% sucrose added.. a 38 47 


Pulped cold, 25% sucrose added 41 bl 





Pulped cold, 20% sucrose added 35 42 
Pulped cold, 20% sweetose added 52 .62 
Pulped cold, 20% invertose added | 47 BY | 
Pulped cold, gelatin added 49 





and sealed in berry enamel-lined cans and frozen rapidly by agi- 
tating the cans while they were immersed in a —23.3°C.(—10°F.) 
calcium chloride brine. The solidly frozen pulp was then stored at 
—10°F. The ascorbic acid content of the pulps was determined 
after one month (Table 8). 


SUMMARY AND CONCLUSIONS 

The titrimeter method for determining ascorbic acid was applied 
to pigmented fruits and fruit juices to determine the effect of variety 
and treatment on the ascorbic acid content. As determined by this 
method, fruits were found to have a daily variation in ascorbic acid 
content. This is probably caused by differences in the part of the 
season, ripeness, amount of sun, and quantity of rain. There was a 
pronounced varietal difference in the fruits, and different portions 
of an individual fruit were found to have great differences in ascorbic 
acid content. Peach skins contain two to four times as much ascorbic 
acid per gram as the pulp. Eggplants have a higher ascorbic acid 
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content in the skin with little difference between the portion immedi- 
ately under the skin and the center portion. 

The ascorbic acid content of strawberries is .40 to 1.04 mg. per 
gram; raspberries, .13 to .30; blueberries, .13 to .20; plums, .03 to 
.10; peaches, .07 to .13; turnips, .32 to .47; blackberries, cherries, 
and dewberries, very little vitamin C. 

Eggplants show small losses of ascorbie acid in storage, with tem- 
perature, on the whole, playing a minor role. 

In manufacturing fruit juices, much vitamin C is lost in pre- 
paring the fruit for juicing. The loss of ascorbic acid is immedi- 
ately inhibited by heating. The temperature of pressing has little 
effect on ascorbic acid retention if the fruit is heated between 60 
and 76.7°C.(140 and 170°F.), although the pressing process causes 
some loss. In the experimental work reported here the ascorbic acid 
content is inversely proportional to the amount of sugar added, even 
when compared on a sugar-free basis. This may be caused by oxida- 
tion by air incorporated while stirring in the sugar. Storage in glass 
bottles in a dark room causes no appreciable change. 

Biological assay indicated that the electrometric titrimeter method 
of ascorbic acid determination was valid for strawberry juice and 
that regeneration with hydrogen sulfide was unnecessary. 

In apple juice prepared from the Greening variety and that 
from a mixture of Greening and Cortland varieties, there was less 
vitamin C than in the pomace after pressing out the juice. This 
was not true for Baldwin apples. Apple juice as commonly prepared 
is very low in ascorbic acid. 
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In certain branches of the dairy industry it is customary, as a 
matter of control, to examine fat-globule size or to ascertain the 
extent to which fat clumping occurs. This is especially true in the 
evaporated milk and ice cream industries, where homogenization is 
recognized as essential and where the dispersion of fat serves to 
measure homogenization efficiency. Elsewhere, too, examination of 
the extent of fat dispersion in artificial emulsions may often be 
desirable. 

Many workers in this field dilute the sample for microscopic 
examinations. Usually this dilution does not hinder the results de- 
sired but does make the examination much easier, especially with 
high magnifications and a great fat concentration. Troy and Sharp 
(1928), however, to prevent the break-up of large clumps of fat 
globules formed during the creaming of milk, used relatively low 
magnification and examined their samples without dilution. Dahl- 
berg and Marquardt (1929) also observed fat clumping during 
creaming of milk without diluting the samples. 

Brownian movement of the fat globules has often been mentioned 
as hampering measurement of their size; and unless steps were taken 
to minimize the action of this phenomenon, difficulties were encoun- 
tered in photomicrography, especially under high magnification. Troy 
and Sharp report that Van Dam and Sirks (1922) overeame this 
difficulty by diluting their samples in a one and one-half per cent 
gelatin solution. Babeock (1931) and others have since successfully 
used this method. Campbell (1932), however, found that the gelatin 
solution melted during the observations as a result of the absorption 
of heat from the source of light. After trying several methods he 
resorted to a solution of 50 per cent glycerine and 50 per cent water 
as the dilution medium for the samples to be examined. 

Various methods of preparing diluted samples have been used. 
Thus, many workers have prepared their samples for microscopic 
examination by the hanging-drop method. Campbell (1932), who 
mounted milk samples in a hemacytometer chamber, measured the 
fat-globule size by using a euscope in connection with the microscope. 


413 





414 W. C. COLE AND F. R. SMITH 


Judking (1928), working with ice cream mixes, used smears on glass 
slides for microscopic observations. 

The methods used for microscopic examination of fat globules 
will not be listed here. Numerous modifications have, however, been 
employed. Most investigators have not used staining techniques to 
facilitate microscopic examination, although some have resorted to 
this procedure. Thus Bauer (1911), in an attempt to stain differ- 
entially the fat membrane and the fat globules in milk, used several 
stains—Sudan, methylene blue, and eosin. Palmer and Dahle (1922), 
studying the structure of milk powder, employed Sudan III to stain 
the fat globules present. Cole and Smith (1939) gave a preliminary 
report on the use of Nile blue sulfate for staining fat globules in 
dairy products. 

The method just mentioned differs from ordinary procedures 
mainly because of the Nile blue sulfate. This dye differentially stains 
the fat and the surrounding medium, thereby giving better contrast 
than is obtained without staining. Although it does facilitate exami- 
nation, comparisons of stained and unstained samples showed no 
significant difference in the size of fat globules as observed under the 
microscope. Several other stains were tried in this study, for exam- 
ple, methylene blue, Sudan III, and a combination of the two. Nile 
blue sulfate gave the best results. It was easily applied, stained the 
fat globules red, but left the background blue. It also lessened some- 
what the movement of the fat globules. This feature proved advan- 
tageous for microscopic observations as well as for photomicrographic 
work. 

Other modifications were also tried: varying the degree of dilu- 
tion, changing the dilution medium, using several kinds of slides, and 
trying different methods of staining. The nature of the sample was 
found to determine the optimum dilution, but in comparing a series 
of samples it was usually advisable to employ essentially the same 
dilution in all cases. Although satisfactory results were obtained 
with one to one and one-half per cent of gelatin solution or a 50-per 
cent aqueous solution of glycerine or Ringer’s solution as dilution 
media, none of these had any apparent advantage over water when 
Nile blue sulfate was used for staining. 

Only a few of the workers who have contributed to our knowledge 
of the use of Nile blue sulfate as a fat stain will be mentioned here. 
Smith (1907) introduced Nile blue sulfate as an histological stain 
and claimed that this dye was a specific stain for fatty acids. Later 
Kaufmann and Lehmann (1926), among others, showed that the abil- 
ity of Nile blue sulfate to stain fats and fatty acids was related to 
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their unsaturation. These authors showed, however, that staining was 
not limited to substances with unsaturated linkage. 

According to Gatenby and Painter (1937) commercial Nile blue 
sulfate is associated with Nile red as an impurity. Both forms of 
the dye are soluble in water but the red form is dissolved much 
more readily in oil than in water. The two forms of the dye are in 
equilibrium and the proportion of each depends, among other things, 
upon pH, as has been recognized by many workers including Clark 
(1928) and Turner (1929). Although this fact has been known for 
some time, it has not always been taken into consideration by those 
who have used the dye for staining; this oversight may account for 
certain controversial statements regarding the use of this stain as 
a basis of differentiating neutral fats from fat acids. This is con- 
sidered, among other interesting factors connected with the use of 
Nile blue sulfate, by Castell and Bryant (1939) in a paper dealing 
with the action of microdrganisms on fats. If Nile blue is boiled 
with dilute sulfuric acid and thus hydrolyzed, it forms a new dye 
known as an oxazone. The latter is red and is fat soluble. This was 
reported by Smith (1907) and has been confirmed by many workers, 
including Turner (1929) and Conn (1936). 

In this study these factors had to be taken into consideration as 
a basis for deciding the best procedure to follow with Nile blue 
sulfate from different sources. 


EXPERIMENTAL PROCEDURE 

For the preliminary observations a sample of Nile blue sulfate 
obtained through a jobber from Coleman and Bell, Norwood, Illinois, 
was used. A one-per cent aqueous solution of the dye was alkalized 
with sodium bicarbonate. The sample to be examined was diluted 
1 to 100 in distilled water and gently shaken to ensure thorough 
mixing. Two or three loopfuls of the diluted sample were then 
transferred to a microscopie slide, and one loopful of alkalized Nile 
blue sulfate solution was added with careful mixing. A cover slip 
was then floated over the sample, and the microscopic examination 
was made. Practically the same degree of differential staining of the 
fat globules and the surrounding medium was obtained with a sample 
of dye sent by Coleman and Bell at a later date. 

Subsequently a sample of Nile blue sulfate from the National 
Analine and Chemical Co., New York, was found not to give satis- 
factory results when used according to the procedure just mentioned. 
After the dye had been boiled in dilute sulfuric acid, however, alka- 
lized, and then filtered, fairly satisfactory results were obtained. The 
samples of dye from Coleman and Bell, having proved more satis- 
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factory than those from the National Analine and Chemical Co., were 
used throughout this study. 

Since the preliminary report (1939) the authors have communi- 
eated with a number who have tried the method. Precipitation of 
Nile blue sulfate is the difficulty most commonly mentioned. At- 
tempts have been made to ascertain, if possible, what modification 
of the original procedure might prevent or at least retard this 


precipitation. 

As pointed out in our original procedure, one must reduce the 
acidity of the Nile blue sulfate in order to have enough red-dye 
fraction present to give adequate contrast in color between the fat 
and the non-fat portions of the sample. Some of the best results 
were obtained by alkalizing the dye solution with sodium bicarbonate 
just before preparing samples for examination. Unfortunately, how- 
ever, there was a rather marked tendency toward precipitation, espe- 
cially if too much sodium bicarbonate was added or if the sample was 
allowed to stand. If only a slight precipitate occurred, often the dye 
solution could be used after filtering. 

Although the recommended procedure is to alkalize the dye so- 
lution just before use, a series of dye solutions was prepared to 
ascertain how long the solutions could be satisfactorily kept after 
they had been adjusted to various pH values. 

The stability of the dye solutions was found to vary with the 
source of the dye. One sample of dye from Coleman and Bell was 
more stable than a second one from the same company. The sample 
from National Analine and Chemical Co. was not satisfactory with- 
out being hydrolyzed with sulfuric acid and even then was less 
satisfactory than either sample from Coleman and Bell. When alka- 
lized to excess with sodium bicarbonate, the dye solution showed 
precipitation within a few hours if not immediately. Several samples 
alkalized with disodium phosphate to the same extent remained stable 
—that is, without precipitation—for a week, a month, or longer; 
while others showed precipitation and were unsuited for use after 
one or two days. The extent to which the samples were alkalized 
was varied in these comparisons. Results showed that the amount 
of sodium bicarbonate that can be satisfactorily used is limited to 
a relatively narrow range, whereas comparable results could be 
obtained over a wider range in concentration with disodium phos- 
phate as the alkalizing agent. 

Although several substances were used to alkalize the dye solu- 
tion, sodium bicarbonate and disodium phosphate seemed _ best. 
Samples stained with dye to which sodium bicarbonate was added 
in the correct proportion just before staining, resulted in coloring 
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the fat globules a deep red with considerable contrast between 
background and fat globules. Although it was not possible, in 
general, to obtain such deeply colored fat globules or so great a 
contrast between background and fat globules with disodium phos- 
phate, the latter was usually satisfactory. In some instances best 
results were obtained by using it as the principal alkalizing agent 
but also adding to the dye solution a small amount of sodium 
bicarbonate. 


TABLE 1 
Stability of Nile Blue Sulfate Solutions 





Color contrast Precipitation 
‘ of fat and in dye solutions 
Solution Alkali pH of dye surrounding paepmenennnneeignaninantes an - 
added | solutions | media in After After 
| stained samples 1 week 30 days 


1A None a ++* 0 | ++ 


1B 3 +++ ++ 
++++ + 
+++ ++ 


NaHCO; 5.0 +++++ ++ 

j ++++ ++ 

3A “None 8. Oo] eee | ++++ 
3B 2.! + +++ | +4474 
3C ; 0 +++ | +4++++ 
3E 3.5 - +++ ++++ 


3F NaHCO; 3.3 +++ +++ | +44++ 
3G | 165 +++ +++ | +4+4++ 








1 These results may at first appear to differ from those reported by Castell and Bryant 
(1939). The pH values given here, however, which were obtained with the quinhydrone 
electrode, refer to the dye solutions before they were mixed with the emulsions to be stained, 
whereas in the work of Castell and Bryant the pH values refer to samples containing the 
fat and dye. *The extent of color contrast or amount of precipitation is indicated by the 
number of plus signs. 


As a further check upon the stability of Nile blue sulfate solu- 
tions, two of the dye samples were adjusted to different pH values, 
using either sodium bicarbonate or disodium phosphate. These dye 
solutions were used in staining fat globules at intervals for over 
two months; the results for the first month are shown (Table 1). 

The samples included that gave sufficient color contrast between 
fat globules and surrounding media could ordinarily be used with 
the hanging-drop method even though the precipitated material in- 
terfered with the observations when the smear method was used. 
With the hanging-drop method small amounts of precipitated ma- 
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terial settle out of the portion of the sample under observation, 
whereas such settling is not possible when the sample is smeared on 
a flat slide. 

As these observations indicate, fairly stable solutions of Nile blue 
sulfate were prepared by carefully adjusting the samples to the 
desired pH with either sodium bicarbonate or disodium phosphate. 
Obviously, however, there was considerable difference in the results 
obtained, depending upon the dye being used. 

Considerable leeway exists, therefore, as to the most satisfactory 
procedure, since the source of the dye as well as the alkalizing agent 
and the extent to which the solution is alkalized all contribute to 
the life or stability of the dye preparation. In addition, the sample 
to be stained may also impose further restrictions. In the light of 
these facts two procedures will be given, with the realization that 
further modifications may be necessary in any particular case. 


METHOD 1 

1. Prepare a one-per cent solution of Nile blue sulfate (samples obtained 
from Coleman and Bell, Norwood, Illinois, gave best results in this study). If 
this solution does not give satisfactory results, add enough sodium bicarbonate 
(preferably in one- or two-per cent solution) to adjust the reaction of the dye 
to approximately pH 5. Satisfactory results may also be obtained by using 
disodium phosphate in the same way, although the color contrast is usually less 
with disodium phosphate than with sodium bicarbonate at the same pH. 

2. Dilute the sample to be examined in distilled water or any other suitable 
medium. The sample itself will determine the best dilution to use. In these 
observations 1 to 100 dilution was, in most cases, satisfactory. If the fat in the 
sample to be examined is solid, the sample should be warmed or diluted in 
water warm enough to liquefy the fat. 

3. Transfer one or two loopfuls of the diluted sample to a cover slip, and 
add enough alkalized dye solution (usually one small loopful) to stain the sample 
properly. Invert the cover slip, and mount it on a hollow ground slide. An 
alternative method would be to prepare the sample as indicated on a flat slide 
and float a cover slip over it. 

4, Examine the sample microscopically. Often when the hanging-drop method 
is used, the prepared sample should stand for a few minutes before being ex- 
amined; but this procedure is not always necessary and, in case of the alternate 
procedure given, would be of no advantage. If the hanging-drop preparation 
stands a few minutes, any precipitate present will tend to settle, whereas the 
fat globules tend to rise. Thus interference from slight amounts of precipitates 
is often eliminated. Because of this advantage the hanging-drop preparation is 
usually preferable to the smear. 
METHOD 2 
1. Prepare the following stock solutions:’ 


About one per cent aqueous solution of Nile blue sulfate 


*These solutions can be used conveniently if prepared in bottles having eye 
droppers in the stoppers. 
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About two per cent aqueous solution of disodium phosphate 
About one per cent aqueous solution of sodium bicarbonate. 

2. Dilute samples according to the previous method. 

3. Alkalize a small portion of the stock solution of Nile blue sulfate just 
before preparing the sample for examination. This can be done in a small test 
tube; or, if only a few samples are to be examined, a few drops on a spot plate 
will often be sufficient. Disodium phosphate, sodium bicarbonate, or a combina- 
tion of the two can be used, the optimum amount depending upon the sample of 
dye employed. From 10 to 30 per cent of the alkali solutions listed will or- 
dinarily be sufficient. With sodium bicarbonate more care must be exercised in 
the amount added than with disodium phosphate. There is considerable danger 
of precipitation occurring almost immediately if too much alkali is added. 

4. The balance of the procedure is the same as that already outlined. Care 
in washing the glassware used in this technique will minimize irregularities once 
a satisfactory combination has been found. Because of the danger of alkali 
adhering to slides and other glassware, the precaution of rinsing them first with 
dilute sulfuric acid and then with distilled water is often advisable. 

This method has been successful with milk, cream, chocolate milk, evaporated 
milk, and ice cream mixes. Artificial emulsions, such as mayonnaise, have also 


been examined with this technique. 


SUMMARY 

A technique using Nile blue sulfate for staining fat globules is 
described. It is based on the preferential absorption by the fat of 
the Nile red fraction of the dye, which leaves the background colored 
with the Nile blue fraction. 

The procedure given is a modification of a method previously 
reported by the authors. The improvements consist essentially in 
more carefully controlling the pH values of dye solutions. In certain 
instances disodium phosphate can be used advantageously instead of 
sodium bicarbonate in the adjustment of pH. 

Modifications in the technique may sometimes be necessary be- 
cause of variations in the samples being examined as well as possible 
variations in the dye itself. 

Those concerned with standardizing dyes for biological use might 
advantageously adopt a procedure to insure Nile blue sulfate that 
will give a satisfactory fat stain and be uniform in quality and com- 
position. This would minimize certain irregularities now connected 
with this technique. 
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Although a great deal of work has been done in determining 
total solids in dairy products, there is still need for a rapid, precise 
method. Sharp and Hart (1936) have questioned the accuracy of 
the present gravimetric method. The refractometer has been used 
with other produets by the following investigators: tomato prod- 
ucts, Bigelow and Fitzgerald (1915), Bigelow, Smith, and Greenleaf 
(1934); sugar, Lythgoe (1912), Tolman and Smith (1906) ; prote‘ns, 
Homer (1919), Robertson, (1909a, 1909b, 1915); eggs, Almyuist, 
Lorenz, and Burmester (1932), Bailey (1935), Cahn and Epstein 
(1936), Stewart (1939); beer, Siebel and Kott (1938); vinegar, 
Remington (1912); aleohol, Leach and Lythgoe (1905); jams, 
Maeara (1931); citrus juices, Stevens and Baier (1939); and chem- 
ical solutions or mixtures, Clemens (1921), Fryer (1920), Goldsmith, 
Lewis, and Twyman (1923), Lythgoe (1912), Shippy and Burrow 
(1918), and Washburn and Olsen (1932). Rice and Miseall (1926) 
presented data relative to the refractometric determination of total 
solids in sweetened, condensed products. They state that the method 
is not applicable to condensed or other milk products containing 
appreciable amounts of fat, since the fat interferes with the deter- 
mination. Rogers, Johnson, and Albery (1926) reported a method 
for standardizing batches of semisolid buttermilk by reading the 
refractive index of the filtrate from the product. The refractometer 
has been used extensively for detecting watering of milk—Lythgoe 
(1912), and Wiley (1906). In this ease the refractive index of the 
serum is used. An attempt has also been made by Menefee and 
Overman (1939) to determine total solids from the refractive index 
of the serum. 


EXPERIMENTAL PROCEDURE 


The purposes of this study were to determine the refractive prop- 
erties of fat and serum solids of milk and eream; when these were 


* Abstract of the material submitted as a thesis in partial fulfillment of the 
requirements for the degree of Master of Science in Dairy Chemistry, August, 
1940. 

* Dairy Industries Supply Association fellow. 
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known, to overcome (if possible) the difficulties which the fat caused 
in the experiments of Rice and Miscall (1926); and to determine 
the precision with which total solids in milk products could be deter- 
mined with the refractometer. 

Apparatus: A Zeiss Abbé refractometer, illuminated by a Spencer 
adjustable laboratory lamp (Cat. No. 370) equipped with ground 
glass and blue filter, was used to determine refractive indices. A 
Zeiss electric sodium lamp (Cat. No. 417680) was tried as a light 
source but was not as satisfactory as the Spencer lamp. A constant 
temperature bath was controlled so that the water passing through 
the prisms of the refractometer was at 25 + .05°C. or at 40 + .05°C. 
The refractometer thermometer was standardized against a Bureau of 
Standards thermometer. This same bath was used to temper samples 
for density determination. A thermometer graduated in .10°C. divi- 
sions was employed in determining the densities. 


ELIMINATION OF INDISTINCT BOUNDARY BETWEEN THE 
TWO HALVES OF THE REFRACTOMETER FIELD 

Rice and Miseall (1926) stated that fat interfered with the read- 
ing of refractive indices. This was confirmed by preliminary work. 
Stewart (1939) used ammonium hydroxide to eliminate this difficulty 
in determining egg solids; a patent has been granted, Cahn and 
Epstein (1936), covering the addition of ammonium hydroxide, 
sodium hydroxide, and a number of water-soluble salts to egg solids 
as dispersing agents. Ammonium hydroxide was of no particular 
value for clearing the boundary with milk and cream; while glycer- 
ine, sorbitol, and the salts tried, dehydrated the protein. Sugar in 
60 per cent concentration was satisfactory for milk products of all 
fat percentages investigated (0 to 40 per cent). The sugar raised 
the optical density of the serum toward that of the fat and thereby 
eliminated the greater portion of the light scattering. Since ammo- 
nium hydroxide serves satisfactorily for eggs, it would appear that 
dispersion of the proteins was the important factor with eggs. 

Preparation of Samples: Skim-milk samples of various solids 
concentration were obtained by diluting condensed skim milk with 
skim milk and water, and at various stages during the condensing 
process. Samples were obtained from Ames, Des Moines, Perry, and 
Cedar Rapids, Iowa. They represent a period from March 17 to 
July 22. The refractive indices were read both with and without 
the addition of three drops of ammonium hydroxide (sp. gr. approx. 
.90) to a nine-gram sample. 

Milk and cream samples were prepared by diluting whipping 
cream to various fat percentages with skim milk. To read the refrac- 
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tive indices of these samples 30 grams of sugar were added to 20 
grams of the sample; both were weighed on a Torsion moisture 
balance. These samples ranged in fat content from .09 to 34.15 per 
cent and represent a seasonal period from March 19 to July 12. 

‘*Washed-cream’’ samples were prepared by diluting cream to 
the approximate fat percentage of milk with warm water—43.3°C. 
(110°F.)—and reseparating it. This process was repeated until the 
‘*skim milk’’ obtained showed negative tests for both sugar and 
protein. The product was diluted with water to give fat percentages 
from .14 to 37.14 per cent. These samples were then ‘‘sugared’’ in 
the same manner as the milk and cream samples. They represent 
a period from April 1 to July 16. 

Solutions containing water, acetic acid, and ethyl aleohol were 
likewise studied. These materials were used because ethyl alcohol 
and acetic acid had about the same specific refractions as fat and 
serum solids. It was desired to determine whether or not solutions 
of pure chemicals exhibited the same refractive properties within 
the concentration ranges equivalent to those of milk and cream. 
These samples were prepared from a nine-per cent (by weight) 
aqueous acetic acid solution made in liter quantities with a Torsion 
balance which had a precision of + .2 gram. Portions of this solution 
were weighed into Erlenmeyer flasks containing varying weights of 
a commercial grade of ‘‘absolute’’ ethyl alcohol. The percentage 


compositions were calculated from the weights of acetie acid solution 


and ethyl alcohol. 

Analytical Methods: Fats and total solids were determined in 
duplicate by the Mojonnier method, Mojonnier and Troy (1922), for 
all milks. creams, washed creams, and skim-milk samples before any 
reagents were added to them. 

Density Determinations: Densities were determined by means of 
micro pyenometers of about 10 ml. capacity that had been previously 
calibrated with boiled doubly-distilled water. The water-acetie acid- 
aleohol solutions and the skim-milk samples were tempered in the 
pyenometers for 30 minutes at 25°C.(77°F.) before being weighed ; 
the sugared milks, creams, and washed creams and the fats were 
similarly tempered at 40°C.(104°F.) for one hour before being 
weighed. The flasks employed in the 40°C. determinations were 
cooled to room temperature in a distilled water bath before they 
were weighed. 

Calculations: Specific refractions of serum solids, fat, aleohol, and 
acetic acid were caleulated from the refractive indices, densities, and 





424 VARNUM D. LUDINGTON AND E, W. BIRD 


percentage compositions determined by means of the Lorenz-Lorentz 
equation which states that 
n? — 1] 1 
—_—— * — = (sp. ref. A K %A) + (sp. ref. B > + 
n?+ 2 d 
(sp. ref. C X %C) 


in which n = the refractive index of the mixture, d = density of the 
mixture, and A, B, and C the components of the mixture. 

The specific refractions of the water and the sucrose were caleu- 
lated from the data of the International Critical Tables (a, b. 1926). 


RESULTS 

Condensed Skim Mik: Samples that were obtained by diluting 
skim milk or condensed skim milk, or at various stages of condensa- 
tion were studied. The refractive index (25°C.) with and without 
the addition of ammonium hydroxide was determined for 63 samples 
comprising eight different runs. A regression between total solids 
and refractive indices was obtained for all but the first and last 
runs. The first run had no determinations with ammonium hydrox- 
ide added; the last run was made after the statistical data were 
obtained. The data of the first and eighth runs, however, fell as 
closely to the curve expressed by the regression equation as any of 
the other data. Equation 1 shows the relationship for samples with- 
out the addition of ammonium hydroxide and Equation 2 for samples 
to which ammonium hydroxide had been added. 


1... Y = —21.2817 + 690.8972x — 1097.2389x? 
2. Y = —22.4694 + 724.7798x — 1321.2312x? 


in which Y — percentage total solids and x = (refractive index — 
1.3). The standard deviation from the regression for Equation 1 is 
.178 per cent total solids and that for Equation 2 is .174 per cent 
total solids. These deviations indicate that the method is sufficiently 
precise for commercial purposes and that there is no practical ad- 
vantage in adding ammonium hydroxide. 

Equation 3 shows the relationship between the densities and 


refractive indices of two sets of samples (without ammonium hy- 
droxide). Equation 4 shows the relationship between densities and 
total solids percentages of the same samples. 


3. Y = 2.30053x — 2.0682 
in which Y = density and x = refractive index ; 


4. Y = 0.004185x -++ 0.9935 
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in which Y= density and x = total solids. The standard deviation 
from the regression for Equation 3 is .00059 density, and for Equa- 
tion 4 it is .00105 density. These values indicate that the measure- 
ments were determined with satisfactory precision. 


SUGARED MILKS AND CREAMS 
The relationship between the total solids content of the non- 
sugared samples and the refractive indices of the sugared samples 
is shown by Equation 5 and Fig. 1. 
5. Y = 1662.21203x — 2401.1932 
in which Y = per cent total solids and x — refractive index. The 
standard deviation from the regression is .845 per cent total solids. 
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This indicates that, although the addition of sugar to milk and cream 
produces a sharp boundary in the refractometer field, there is still 
too great a variation for the method to be commercially applicable. 
This deviation was not reduced by reading refractive indices at 
40°C., at which temperature the fat was in the liquid state 

One group of points at a refractive index of about 1.4510 does 
not fall well on the curve (Fig. 1). If only those values above 1.4510 
are considered, the equation is 

6. Y = 1689.65612x — 2441.5590 

in which Y = per cent total solids and x — refractive index. The 
standard deviation from this equation is .798, which is little better 
than that of Equation 5 for all the data. 
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In order to obtain more information concerning the group of 
points in the lower part of Fig. 1 the ratio of fat : serum solids was 
plotted against refractive index. This treatment did not alter the 
eurve. When the logarithm of this ratio was plotted (Fig. 2) against 
refractive index, this group of points was shown in more nearly 
logical relationship to the other data and the points that were for- 
merly grouped at about refractive index 1.4510 fell on a line which 
parallels the ordinate. When individual runs were studied there 
seemed to be some kind of change in function of the curve in the 
vicinity of Log. 1.3 or a fat content of 1.5 per cent in the non-sugared 
product. To obtain further information on this point the acetie acid- 
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and refractive indices (25°C.) of these milks and creams, sugared. (Sucrose <> 
60% of sample.) 





aleohol-water data were obtained. The general shape of the curve 
(Fig. 3) for the water-acetiec acid-aleohol mixtures was essentially 
the same as that for the sugared milks and creams. This curve like- 
wise appears to change function in the neighborhood of Log. 1.3 or 
an aleohol content of 1.5 per cent. Although the mathematical manip- 
ulation of the data accounts in part for the shape of the curve, this 
method of treatment gives a more comprehensive picture of the data. 
It would appear that above a fat or alcohol content of 1.5 per cent 
these materials exert a greater influence on the refractive index 
than do the serums solids or acetic acid, while below 1.5 per cent 
fat or aleohol the serum solids or acetic acid are the more important. 
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It was noted in preparing samples on July 9, 10, and 12 that the 
serum solids content of the skim milk used was from 1.0 to 1.5 per 
cent lower than it was for July 8. This would indicate added water. 
When the logarithms of the ratios were plotted against refractive 
indices it was noted that the samples below 10 per cent fat fell to 
the left of the curve drawn through the other points. This suggests 
a possible new application of the refractometer in determining adul- 
teration of milk. 

The data presented for milk and cream samples indicate that the 
variations are sufficiently large to render the method of no value 
commercially. It was considered that the grade of sugar used and 
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Fig. 3. Log. [(% ethyl aleohol : % acetic acid) + 10°] and refractive indices 
(25°C.) of ethyl aleohol-water-acetic acid solutions. 


the method of preparation of the sugared samples might be responsi- 
ble for a portion of these errors. To check this, sugar solutions were 
prepared in the same manner as the sugared milks and creams. The 
refractive indices of these samples were determined at 25°C.(77°F.) 
and the sugar concentrations were determined from values presented 
in the International Critical Tables (a. 1926). The results show 
(Table 1) that the maximum variation was .09 per cent sugar 
which would not account for any appreciable portion of the varia- 
tion encountered. 

Other possible causes of the variation might be the seasonal vari- 
ation of the fat, errors in the gravimetric method for determining 
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total solids, Sharp and Hart (1936), and variations in specific 
refraction of the fat with change in fat percentage (Fig. 4). 


WASHED CREAMS 

The data for the sugared, washed-cream samples are expressed 

by Equation 7. 
7. Y = 1553.22388x — 2238.3150 

in which Y — per cent total solids and x = refractive index. The 
standard deviation from this regression is .481 per cent total solids, 
which is about 60 per cent that for sugared milks and creams (Equa- 
tion 5). This tends to indicate that for the milks and creams all the 


TABLE 1 


Errors Introduced by Grade of Sucrose and Methods of Weighing Sucrose, Milk, 
and Cream in Preparation of Sugared Creams and Milks 








| Sample No. 
Date —| Average 
1 2 3 4 5 
April17 | Refractiveindex 1.4412 1.4412 1.4411] 1.4411 1.4410 
Sucrose (pet.) 60.09 60.09 60.04 60.04 60.00 60.05 


August 5 Refractiveindex 1.4412 1.4410 1.4411 1.4410 1.4410 
Sucrose (pet.) 60.09 60.00 60.04 60.00 60.00 60.03 





variation does not result from the fat alone but that part of it may 
be attributed to the protective colloidal materials that are removed 


‘washing’’ process, 


in part during the 


SPECIFIC REFRACTION DATA 

The relationship between the percentage concentration of a ma- 
terial and its specific refraction is shown (Fig. 4+). The curves, 
except that for alcohol, have the same general shape; the specific 
refraction decreases with increasing concentration to a certain point 
and then remains constant. 

The specific refraction of serum solids is constant for concentra- 
tions from 11 to 30 per cent. Below 11 per cent the value increases 
slightly. This difference may result from the heat treatment which 
the condensed product has received. If the specifie refraction of 
milk fat were to be caleulated, as was done in these experiments, it 
seems more nearly logical to use the value obtained for serum solids 
in the skim milk than for serum solids in the condensed milks be- 
cause the concentration and heat treatment are more nearly like 
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those of the serum solids in the aqueous phase of whole milk. Con- 
sequently the skim-milk values were employed in these calculations. 

The specific refraction of milk fat decreases with increasing con- 
centration up to 20 per cent fat in the sugared product (50 per cent 
in the non-sugared dairy product). The values approach the values 
for pure fat asymptotically above this concentration. The general 
shape of the curve is the same as that for sugar, the points for which 
were calculated from International Critical Tables (a. 1926) values. 
The curvature of the graph for the sugar data might be attributed 
to differences in hydration of the sugar. Any similar explanation, 
however, would not seem logical for the fat unless it were supposed 
that a change in type or amount of protective colloid material were 
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Fig. 4. Pereentage of a constituent in a product and its specific refraction. 


responsible. This is not likely because both sugared, washed creams 
and sugared milks and creams yield essentially the same result. 

The change in the specific refraction of the milk fat with change 
in concentration explains the difficulty encountered by Rice and 
Miseall (1926) in the determination of total solids in sweetened, 
condensed products when the fat content varied appreciably from 
eight per cent, which is in a region of rapid change of specific refrac- 
tion of fat with change in concentration. The anticipated increase 
in refractive index resulting from an increase in fat content is offset 
in part by the decrease in specific refraction of the fat. 

The specific refractions of alcohol gave the same general curve. 
There is, however, more variation and the curve does not seem to 
approach the value for pure alcohol. This undoubtedly results from 
esterification between the components of the solutions. . 
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the measurements on which the ealeulations were based were suffi- 


ciently precise. 

The refractive indices of milk and cream samples cannot be 
determined satisfactorily by the refractometer because of dispersion 
of light by the emulsified fat. The addition of sucrose to yield 


samples containing 60 per cent sugar made it possible to obtain 


satisfactory refractive index readings although the variations ob- 
tained in determining total solids were too great to make the method 
commercially feasible. No advantage was apparent in reading these 
samples at 40°C. (104°F, fat liquid state) rather than at 25°C 
“a S. 

The logarithm of the ratio fat: serum solids in non-sugared sam 
ples was The 


mdicates that above 1.5 per cent fat in the produet, the fat 


plotted against refractive index of sugared samples 
eurve 
added = sug both may play a greater role in changes in_ the 
sugared samples than the serum solids «hk 
cream were determined with an 


for milks and 





VARNUM D. LUDINGTON AND E. W. BIRD 


GENERAL DISCUSSION OF SPECIFIC REFRACTION 

There is some difference of opinion—Goldsmith, Lewis, and Twy- 
man (1923) and Sogani (1926)—whether or not the refractive index 
of an emulsion represents the continuous phase or both phases. It 
was desired to know if, in this study, the fat was actually contribut- 
ing to the refractive index of the sugared dairy product. It appears 
that the fat does enter the picture because the specific refraction 
against concentration yields a smooth curve rather than random 
values (Fig. 4). 

Total solids of the washed creams are plotted against refractive 
indices of the sugared samples (Fig. 5). The solid squares represent 
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Fig. 5. Total solids of non-sugared, ‘‘washed’’ creams and refractive indices 
(25°C.) of these washed creams, sugared. (Sucrose <= 60% of sample.) 


the refractive indices that would be obtained if the solids were elimi- 
nated and only the sugar and water of the sample remained. Since 
these values fall so closely to the curve drawn through the sugared, 
washed-cream data they indicate that fat plays a much less important 
part than the sugar in effecting changes in refractive indices of the 
samples. Apparently most of the change in refractive index results 
from the change in sugar concentration. This is further substanti- 
ated by the data (Table 2) in which the sugar concentration was 
kept constant in the solids-free portion of the sample. 

From a theoretical standpoint the data represented would agree 
with Sogani (1926) who states that in a closely packed emulsion 
the refractive index of the emulsion is different from that of either 
component and lies between them. For all practical purposes, how- 
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ever, the data are in agreement with the contention of Goldsmith, 
Lewis, and Twyman (1923) who state that only the continuous phase 
is read, for in these sugared milks and creams a very small increase 
in refractive index results from a large increase in fat content. This 
slight participation of the fat may result in part from the addition 
of sugar which brought the optical density of the serum in close 
proximity to that of the fat. As a result a change in fat content 
would not cause as great a change in refractive index as one would 
anticipate. 

The results obtained for milks, creams, and washed creams would 
lead one to believe that because of rapid change in specific refraction 
of milk fat with concentration (below 50 per cent in the dairy prod- 


TABLE 2 


Total Solids and Fat Percentages of Milk and Cream Samples and Refractive 
Indices After Addition of Sucrose to Yield 60 Per Cent Sucrose in 
Non-Fat Portion of Samples 





Total Refractive 


solids Fat index 

8.52 0.07 1.4496 
12.67 4.07 1.4496 
19.15 11.46 | 1.4500 
30.84 24.10 1.4510 


uct) this method could not be used in samples containing less than 
50 per cent fat but that above 50 per cent fat, where the specific 
refraction of fat is not changing appreciably with concentration, a 
fairly precise determination might be made. 


SUMMARY AND CONCLUSIONS 
It has been shown that total solids of skim milk at varying stages 
of condensation and dilution can be determined refractometrically 
with sufficient precision for commercial usage. The relationship be- 


tween total solids (designated by Y) and (refractive index — 1.3) 
(designated by X) is 
Y = —21.2817 + 690.8972X — 1097.2389X°. 


The standard deviation from the regression is .178 per cent total 
solids. 

Addition of ammonium hydroxide to skim milk changes the 
standard deviation from .178 to .174. This indicates that there is 
no advantage in adding ammonium hydroxide to the sample. 

Regressions for density against (a) refractive index and (b) 
total solids were presented. The standard deviations indicate that 
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the measurements on which the calculations were based were suffi- 
ciently precise. 

The refractive indices of milk and cream samples cannot be 
determined satisfactorily by the refractometer because of dispersion 
of light by the emulsified fat. The addition of sucrose to yield 
samples containing 60 per cent sugar made it possible to obtain 
satisfactory refractive index readings although the variations ob- 
tained in determining total solids were too great to make the method 
commercially feasible. No advantage was apparent in reading these 
samples at 40°C.(104°F.) (fat liquid state) rather than at 25°C. 
(17°? '.). 

The logarithm of the ratio fat: serum solids in non-sugared sam- 
ples was plotted against refractive index of sugared samples. The 
curve indicates that above 1.5 per cent fat in the produet, the fat, 
added sugar, or both may play a greater role in changes in the 
refractive indices of the sugared samples than the serum solids do. 

Total solids of washed cream were determined with an error ap- 
proximately 60 per cent as great as for milks and creams. This might 
indicate that the fat globule with its total protective colloidal mate- 
rial caused greater errors than fat globules from which the reversible 
protective colloids had been removed. 

The specific refraction data for serum solids and fat together 
with other data presented (Figs. 4 and 5, Table 2) indicate that 
fat does influence the value of the refractive index of sugared milks 
and creams, but that the change in sugar concentration in the aque- 
ous phase of the sample (with change in fat percentage) is more 
important than changes in the fat concentration. 

The authors are indebted to Dr. Cochran and Mr. Monroe of the 
Statistical Laboratories of Iowa State College for their assistance in 
obtaining the regressions and standard deviations presented. 
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Page 396—Line 9—date of Kchman, Eddy, Carlsson and Halliday’s paper should 
be 1926. 


Line 19—date of Lunde’s paper is 1938-1939, 
Line 37—date of Zilva and Morris’ paper should be 1933. 
Page 403—Table 4—Morse I and Morse II were a non-browning seedling 


Page 408—Table 8—Invertose was an invert sugar syrup. 
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The annual commercial pack of frozen red raspberries in the 
United States was reported to be 10,361,722 pounds for the year 
1939 ;°> and more than two-thirds of this pack was produced in the 
Pacific Northwest.*, Comparatively little work has been reported on 
the vitamin content of red raspberries and no published data are 
available at present on the frozen product. Daniel and Munsell 
(1937) quote values of 12 to 20 Sherman units of vitamin C per 
100 grams of fresh raspberries. Olliver (1936) reported .305 mg. 
ascorbie acid per gram of berries. this value being obtained by 
titration of one sample of fruit of undesignated variety. Bessey 
(1938) reported .25 mg. per gram, the value being determined by 
photoelectric colorimetric measurement and the variety not stated. 
Van Eekelen (1938) found .28 mg. per gram, and Fixsen and 
Roseoe (1940) quote values of .09 to .34 mg. per gram of berries 
obtained by European investigators using the chemical! method of 
determination. 

This investigation was undertaken to determine the ascorbic acid 
content of several varieties of red raspberries when preserved by 
the frozen-pack method and obtained from the same source for 
several different seasons. Berries frozen with and without the 
addition of sugar were also analyzed. 


The frozen red raspberries of the Cuthbert, Marlboro, Liéyd 


George, and Latham varieties used in the studies econdueted in 1934, 
1935, and 1936 were commercial-pack, barrelled berries and were 
obtained through the courtesy of the horticulture division of the 
State College of Washington. The fruit for the investigations in 
1937, 1938, and 1939 were of the Tahoma, Antwerp, and Washing- 
ton varieties in addition to the same varieties that were studied 
earlier. The berries were harvested at prime maturity; only firm, 
ripe berries were used and were immediately packed in No. 2 size, 


* Published as scientific paper No. 472, College of Agriculture and Agricul 
tural Experiment Station, State College of Washington. 
* Western Canner and Packer Yearbook, April 1940, 203-204. 
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TABLE 1 
Ascorbic Acid Content of Frozen Red Raspberries Determined Biologically 


Calculated 
ascorbic 
acid 
content 


— . Amount Amount Number Average 
Variety and year of freezing lemon juice | raspberries of scurvy 
fed daily fed daily animals score 


ml. gm. mg. 


| per gm. 
Antwerp (1937) | ee 8 


Antwerp (1937) 
Antwerp (1937) 





Cuthbert (1934) 

Cuthbert (1934) 

Cuthbert (1934) 

Cuthbert (1934) 

Cuthbert (1934) 

Cuthbert (Held overnight at 
POTN I Tv cvccneccccccenecessnioscnssce 





Cuthbert (1936) 
CRORE CTBBE) veccesesccscccncscosceevs 





Cuthbert (1937) 
WOUNDS CIO Fv cvccesceciesscccccsstecens 





Cuthbert (sugar) (1937) 
Cuthbert (sugar) (1937) 





Latham (1936) 
Latham (1936) 


Lloyd George (1936) 
Lloyd George (1936) 


Lloyd George (1938) 
Lloyd George (sugar) (1938)... 





Marlboro (1935)... 
Marlboro (1935) 
Marlboro (1935) 





Marlboro (1938) 
Marlboro (sugar) (1938) 
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enamel-lined, fruit cans and frozen at —17.8°C.(0°F.).* The sugar- 
pack berries were frozen with the addition of one part of cane sugar 
to four parts of berries. 


VITAMIN C CONTENT AS DETERMINED BIOLOGICALLY 

The first series of biological assays was by the modified Sher- 
man, LaMer, and Campbell (1922) method as previously described 
by Todhunter (1936). In the second series the biological assay was 
a modification of the curative method as described by Clow and 
Marlatt (1930). The diet used was the same in all assays, and the 
guinea pigs weighed 250 to 300 grams and were six to cight weeks 
of age. In the curative method the animals received the basal diet 
without supplement for the first 13 days, by the end of which time 
they were losing weight and showing symptoms of scurvy. Daily 
feedings of red raspberries were then begun and were continued for 
20 days; on the 21st day the animals were killed and scored for 
scurvy. The positive-control group received one milliliter of lemon 
juice daily for the same period as the berries were fed. In each 
assay a group of negative-control animals was maintained on the 
basal diet until death from scurvy, which occurred in from 20 to 
35 days. 

Comparable scurvy scores were obtained when lemon juice was 
fed by these two methods and the corresponding data obtained from 
the raspberry feedings are also considered to be comparable. In 
calculating the ascorbie acid content of the raspberries, the lemon 
juice was assumed to have a value of .5 mg. per milliliter. Difficulty 
was experienced in getting the animals to eat some varieties of ber- 
ries. The data obtained by biological assay for raspberries of dif- 
ferent seasons and of different varieties are summarized (Table 1). 

Varietal Differences: A wide difference in ascorbic acid content 
was found in five varieties of red raspberries. The highest value 
was obtained for the Antwerp variety; three grams daily gave com- 
plete protection from scurvy and these berries, therefore, contained 
more than the equivalent of 1.5 ml. of lemon juice or more than .25 
mg. of ascorbie acid per gram of fruit. The Marlboro variety con- 
tained approximately .17 mg. per gram, the Cuthberts .10 mg. per 
gram, and the Lloyd George variety between .06 and .10 mg. per 
gram. 

Seasonal Variation: Samples of the Cuthbert variety of berries 
of three different seasons were assayed and the same value of .10 


* Acknowledgment is made to 0. D. Schwartze, Western Washington Experi- 
ment Station at Puyallup, for the supply of red raspberries and to the Frozen 
Pack Laboratory, U. 8. Bureau of Agricultural Chemistry and Engineering at 
Seattle, Washington, for freezing the fruit. 
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mg. ascorbie acid per gram of fruit was found each year. In the 
ease of the Marlboro and Lioyd George berries different levels of 
feeding were used with the samples of different years, but the data, 
interpreted in terms of the response of the positive-control animals 
which received lemon juice, indicate that the ascorbie acid content 
of these varieties was similar in different years. 

Comparison of Sugar-Pack and Dry-Pack Berries: In all the 
biological experiments with sugar-pack berries the level of feeding 
(Table 1) is the weight of the berries plus sugar; therefore, in every 
case the animals actually received a slightly lesser weight of berries 
and vet made a recovery from scurvy as good as, or better than, 
the animals receiving the dry-pack berries. For the Marlboro and 
Lloyd George varieties the difference in ascorbic acid content of 
the dry-pack and sugar-pack berries of the same year is possibly 
negligible, but the Cuthbert samples of sugar-pack berries in 1937 
were definitely superior to the dry-pack of berries of the same year. 
The explanation of this difference is not clear. Munilla and Vogel- 
singer (1937) have shown that sugar solutions have a_ protective 
action on aqueous solutions of ascorbic acid. Kendall and Chinn 
(1938) have reported that the presence of small amounts of dextrose 
will definitely postpone decomposition of aseorbie acid by bacteria 
until all the dextrose is hydrolyzed; the baeteria studied were simi- 
lar to those found in the intestinal contents of the guinea pig. A 
possible explanation of the better protection from scurvy by ani- 
mals receiving the sugar-pack berries is that there was less intestinal 
destruction of vitamin © than in the case of dry-pack berries. 


ASCORBIC ACID CONTENT AS DETERMINED BY CHEMICAL 
MEASUREMENTS 

Berries harvested in 1988 and 1939 were analyzed for ascorbic 
acil according to the method of McHenry and Graham (1935) for 
use with pigmented fruits. This method is a modification of the 
original Tillmans method and is based on the fact that most plant 
pigments are insoluble in chloroform while the dye is soluble in 
chloroform and may be removed from aqueous solution by this 
solvent. The dye solution was prepared by dissolving .1 gram of 
2, 6 dichlorophenolindophenol in 200 ml. of Sorenson’s phosphate 
buffer solution of pH 7 and was standardized daily against ascorbic 
acid (Merck). Water redistilled from glass was used for all solu- 


tions. The dye solution was diluted as necessary so that from two 
to five ml. were used for each titration; the dye solution was freshly 
prepared each week. The berries were weighed without thawing: 
samples of from 10 to 20 grams were used for each analysis and 
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were ground with acid-washed sand using three per cent metaphos- 
phoriec acid as the extracting reagent. Three aliquots from each 
extraction were titrated. 

An Evelyn photoelectric colorimeter was available in 1939 and 
it was, therefore, possible to obtain a check on the reliability of the 
end point as determined by the MeHenry and Graham method. 
Photoelectric colorimetric determinations were made according to 
the method of Bessey (1938) using aliquots of the same extracts of 
berries which were being analyzed by the titration method. Ten 
different samples of each of four varieties of raspberries were ana- 
lyzed by these two methods. For the Tahoma variety the average 
value was .17 mg. per gram by titration and .16 mg. per gram by 
the photoelectric colorimeter: for the Cuthbert variety the average 
value of both methods was .19 mg. per gram; the Lloyd George 
variety averaged .17 mg. per gram by each method; and for the 
Washington variety both methods gave similar values of .22 mg. per 
gram. The reliability of the earlier values obtained by the McHenry 
and Graham (1935) method was thus established and the data are 
summarized (Tables 2 and 3). 

Berries which had been frozen with added sugar gave slightly 
higher values by the titration than by the photoelectric method. The 
difference was small but it was consistently higher by the titration 
method; for the Lloyd George berries the average of 10 analyses 
was .13 mg. per gram by titration and .12 mg. by the photoelectric 
method and for Cuthberts the corresponding values were .17 and 
.16 mg. per gram. The sugar-packed berries gave an extract in 
which the end point of the titration was more difficult to see owing 
to the foaming and the more viscous nature of the solution. 

Varietal Differences: The Antwerp variety of berries was con- 
siderably higher in ascorbic acid content than any other variety 
tested (Table 2). The value of .35 mg. per gram is as high as for 
any raspberries reported in the literature. The Washington variety, 
Schwartze (1938), was next in order of richness with .21 mg.; while 
Cuthbert, Latham, Lloyd George, Marlboro, and Tahoma were all 


similar, ranging from .14 to .19 mg. per gram. The Washington 


variety, Sehwartze (1938), has been obtained from a cross of Lloyd 
(George and Cuthbert and is higher in aseorbie acid than the fruit 
of either of the parent varieties. The Tahoma, Schwartze (1938), 
is a product of the cross of Lloyd George and Latham varieties and 
is similar in ascorbie acid content to the fruit of either parent vari- 
ety. Sinee the raspberries were grown under comparable conditions 
of soil and elimate, the differences in ascorbic acid content are be- 
lieved to be true varietal differences. The differences in ascorbic acid 
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content of the varieties is of the same order as was obtained by 
biological assay, but in nearly all cases the values obtained by the 
titration method are higher. Values for the Marlboro variety ana- 
lyzed by both methods in the same year are in good agreement. The 
difficulty in getting the animals to eat the berries, and the greater 
inaccuracy of the biological method are believed to account for the 
differences. The values obtained by the titration method and as 


TABLE 2 
Ascorbic Acid Content of Several Varieties of Red Raspberries Frozen-Packed Dry 
and With Sugar, Determined by Titration With 2, 6 Dichlorophenolindophenol 


Year Number Average 





Variety of of ascorbic pH of berries 
pack analyses acid 
mg. 
per gm. 
DD ssiiccisstsisrecinrvicsetisies 1938 20 3) 2.43, 3.00, 3.25, 3.40 
RD | 1938 10 15 (| 3.10, 3.20, 3.52 
Cuthbert (sugar)............... 1938 4 16 3.23, 3.25 
 , pie 1939 10 19 
Cuthbert (sugar) 1939 10 37 
I iccccnicscssctctieeceapeccinss 1938 10 16 =|: 3.65, 3.83, 3.40, 3.05, 3.25 
TAO FE GOO BC..0000.<0000s05s0e000 1938 8 14 | 2.98, 3.00, 3.20 
Lloyd George (sugar)....... 1938 4 ee 3.29, 3.34 
TAGE GOTO: 0000sccescosscesesees | 1939 10 ae 
Lloyd George (sugar)... 1939 10 8 
IN i cuniccisastihiiectowenoass 1938 4 18 2.50, 2.85 
Marlboro (sugar).............. 1938 5 19 
co cncdicnsciinrees 1938 4 oad | 
Tahoma (sugar)...........++- 1938 4 17 | 
Ee 1939 | 10 17 (| 
Pe I yor csceroscasesseczevees 1939 10 21 


checked by the photoelectric colorimetric method would appear more 
nearly to represent the actual ascorbic acid content of the berries 
than the values as determined by biological assay. 

With the exception of the Lloyd George no data are to be found 
in the literature for any of these varieties. Values of .09 to .25 mg. 
per gram for the Lloyd George variety are quoted by Fixsen and 
Roseoe (1940) as having been obtained by Norwegian workers. The 
values of .14 and .17 mg. per gram obtained in this investigation 
for two different seasons are midway between those of the Norwegian 
investigations. 
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A number of pH measurements were made using the Beckman 
glass electrode pH meter. The pH ranged from 2.43 to 3.83 but did 
not appear to bear any relationship to the ascorbic acid content of 
the berries. 

Seasonal Variation: The Tahoma variety of 1938 and 1939 con- 
tained the same amount of ascorbic acid, .17 mg. per gram (Table 2) ; 
slight differences were observed between the two seasons for the 
Cuthbert and Lloyd George varieties frozen without addition of 
sugar but the same berries frozen-packed with sugar showed no 
difference in ascorbie acid content for the two seasons. 


TABLE 3 
Ascorbic Acid Content of Several Varieties of Fresh and Frozen-Pack Red 
Raspberries, Determined by Titration With 2, 6 Dichlorophenolindophenol 


Ascorbic acid content 


Variety Description Dry ; Moist- Dry- 
matter weight weight 
basis basis 
F mg. mg. 
pet. per gm. per gm, 
EN ai hiiiciiciatiesdcubisauibiatetnsaataiendaasindisstues Fresh 12.7 .20 1.58 
I cvsinss casnonesssiniacncdibibuiarplormuniiicitanntiaieea Frozen 15.9 19 1.20 





Lloyd George... .. Fresh 9.8 18 1.84 
PN NII dassccassonsioucetnasanesenicsxohcdncensenions Frozen 11.9 17 1.43 
soils trecintiesitccspncmaniiinmniiebintaianait niga Fresh 10.7 .20 1.87 
Ns snicinosisiesascaissleutseoiaciipeaemacaachuanebubneianrnie Frozen $3.7 one 1.45 
Washington Fresh 13.3 .24 1.80 
Washington Frozen 15.1 22 1.46 





Addition of Sugar: In berries frozen with sugar the ascorbic 
content was equal to that of the dry-pack berries although the actual 
weight of berries in each sample analyzed was reduced because of 
the additional sugar. The biological assays indicated a possible pro- 
tective action of sugar on the ascorbic acid during freezing of the 
berries or during digestion and utilization of the berries; the data 
obtained by titration indicate that it is probably during the freez- 
ing process that the protective action of the sugar is effective. 

Comparison of Fresh and Frozen Berries: In 1939 four varieties 
of the raspberries were analyzed for ascorbic acid immediately on 
being brought to the laboratory from the field, and samples of the 
same berries were frozen and stored at —17.8°C.(0°F.) for nine 
months and then analyzed. Moisture determinations were made in 
triplicate on all samples of berries by drying overnight in aluminum 
weighing dishes at 65°C.(149°F.) and then removing the final traces 
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of moisture in vacuo at 70°C.(158°F.); the data are summarized 
(Table 3). On the moist-weight basis the differences in ascorbic acid 
content of the fresh and frozen berries are very slight, but when 
caleulated to the dry-weight basis there is seen to be an appreciable 
difference in favor of fresh berries ranging from 19 per cent for the 
Washington variety to 24 per cent for the Cuthbert variety. It is 
not possible to say whether this difference was due to oxidative 
destruction during the freezing process or to solution losses since 
there was a loss of moisture from the berries during the freezing 
process. The frozen berries had some ice crystals in the can and on 
the berries. 

The berries did not lose ascorbic acid readily during thawing; 
berries which had been allowed to stand at room temperature for 
three hours were still not completely thawed and showed no loss of 
ascorbic acid. However, in 1934 berries which were allowed to stand 
overnight at room temperature showed marked loss in ascorbie acid 
content by biological assay (Table 1). The average scurvy score 
was four when Cuthbert raspberries were fed in the frozen state at 
a level of five grams daily, but the score was 11 after feeding the 
same weight of similar berries which had been allowed to stand 
overnight at room temperature. 


DISCUSSION 

In the biological assays for ascorbic acid content the familiar 
problems were encountered and contribute to the differences in the 
values obtained. There were difficulties in getting the animals to eat 
the supplements before oxidative changes may have taken place: 
there are always wide variations in animal response to the test dose 
even when the guinea pigs have been carefully selected and prepared 
for the test; and the scurvy-score method is not sensitive to small 
differences in ascorbic acid content. The deep pigmentation of ex- 
tracts of red raspberries and similar fruits have presented difficulties 
in the titration with 2, 6 dichlorophenolindophenol, but the recent 
adaptation of the photoelectric colorimeter to ascorbic acid deter- 
minations has made it possible to cheek the values obtained by 
titration. Although the bioassays in this study checked closely from 
year to year, it is believed that, for the reasons just stated, the 
titration values as given (Table 2) more nearly represent the actual 
amount of ascorbie acid present in red raspverries. 


The richer variety, such as the Antwerp, is approximately equal 
to tomatoes and one-half as rich as oranges in ascorbic acid content. 
The aseorbie acid in red raspberries is well utilized, as shown by 
Todhunter and Fatzer (1940) who found that Antwerp berries in 
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amounts sufficient to supply 40 mg. ascorbic acid daily maintained 
the blood-plasma level and urinary excretion at levels as high as, or 
higher than, with the same amount of ascorbic acid in erystalline 
form under the same conditions. 


SUMMARY 
The ascorbic acid content of frozen-pack red raspberries was 
determined by titration with 2,6 dichlorophenolindophenol. Ascorbic 
acid determinations were also made with the Evelyn photoelectric 
colorimeter, and the values obtained by this method were in close 
agreement with the titration values. Lower values were obtained 
by the biological method, and for reasons which are discussed this 
method is believed to be less accurate for raspberries than is the 
chemical method. 
Varietal differences in ascorbic acid content were found; the 
Antwerp variety contained .35 mg. per gram, the Washington vari- 


ety .21 mg. per gram, and other varieties from .15 mg. to .19 mg. 
per gram as determined by the titration method. 
Several varieties of raspberries were analyzed in successive years 
but no appreciable difference in ascorbic acid content was found. 
The addition of sugar to the raspberries before freezing appeared 
to have some protective action on the asecorbie acid but the data are 


not conclusive. 

Comparison of fresh and frozen-pack raspberries of the same 
harvesting showed little difference in ascorbic acid content on the 
moist-weight basis, but when caleulated to the dry-weight basis the 
fresh berries contained more ascorbic acid. 
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One of the most common problems confronting the market-milk 
industry is the oceurrence of oxidized flavor. Though much atten- 
tion has been paid to this problem by research workers in many 
parts of the world, the causes and mechanism of the oxidation are 
not fully understood. Some confusion has existed in the matter of 
flavor nomenclature, which has made it difficult to correlate the 
work done by the different investigators both in this country and 
in Europe. The defect has been described in various ways, possibly 
because of the different degrees of development that may occur. 
Such terms as oily, cappy, papery, astringent, and metallic have 
been used. Not only is the oxidized flavor in dairy products modi- 
fied by the intermediate and end products formed during oxidation, 
but it is also influenced by the presence of certain metallic salts 
which in some cases may be detected by taste even before the true 
oxidized flavor is evident. This fact undoubtedly has led to the use 
of different terms in the description of the defect. 

That the oxidized flavor is due to an oxidation reaction is shown 
by the inerease in oxidation-reduction potential during the flavor 
development, Webb and Heilman (1936). Also during the advanced 
stages of flavor development formation of peroxides takes place in 
the fat fraction. It is also known that factors which favor a high 
oxidation-reduction potential tend to promote an oxidized flavor, and 
factors which tend to lower the oxidation-reduction potential tend to 
minimize oxidized flavor development. 

Flavors caused by fat oxidation should not be confused with 
rancidity which is brought about by a hydrolysis of the fat. The 
latter is a hydrolytic reaction which is proved by the increase in 
titratable acidity which occurs simultaneously with the development 
of the rancid flavor. Homogenization of raw milk hastens the devel- 
opment of and intensifies the rancid flavor. Heating the milk to 


"The authors wish to acknowledge their appreciation to Armour and Company, 
Corn Products Refining Company, Merck and Company, Ine., Musher Foundation, 
Chas. Pfizer and Company, and A. E. Staley Manufacturing Company for supply- 
ing the antioxidant material used in this study. 
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61.7°C.(148°F.) for 30 minutes destroys the enzyme or other acti- 
vating substance which causes the fat hydrolysis and hence prevents 
this reaction. 

Another defect which is confused many times with the oxidized 
flavor is the ‘‘sunshine’’ flavor. It has been shown by Traey and 
Ruehe (1931) that when bottled milk is exposed to sunlight, it de- 
velops a characteristic off-flavor; and as the time of exposure is 
increased, a distinct burnt flavor becomes evident. This defect oceurs 
in low-fat or fat-free milk products, such as cottage cheese and skim 
milk. Homogenized milk is more susceptible to the effect of sunlight 
than is regular milk, yet homogenized milk does not acquire an oxi- 
dized flavor. It has been shown also that the addition of metallic 
salts to the milk has no effect on the intensity of the flavor developed 
by exposure to sunlight. These facts suggest that the sunlight flavor 
is primarily due to a protein reaction rather than a fat oxidation. 
The ‘‘burnt-like’’ flavor produced during irradiation has also been 
found, by Flake, Jackson, and Weckel (1940), to be a protein reae- 
tion rather than a fat reaction. 


REVIEW OF LITERATURE 

The effect of various ‘‘antioxidants,’’ ‘‘antioxygens,’’ or ‘‘in- 
hibitols’’ in various fats or oils has been studied by numerous in- 
vestigators over a period of several years. Greenbank (1933) and 
Greenbank and Holm (1934) found maleic acid, hydroquinone, and 
certain other phenolic compounds to have antioxidant properties in 
fats. Chilson (1935), Dahle and Palmer (1937), and Greenbank 
(1936) reported that the addition of 20 to 100 milligrams of pure 
vitamin © (aseorbie acid) per liter of milk retarded or entirely 
prevented the development of an oxidized flavor in susceptible milk 
to *vhich no copper had been added. Barnicoat and Palmer (1939) 
reported that vitamin C had some antioxidant properties although 
the effect in butter was somewhat variable. Barnicoat and Palmer 
(1939) studied the antioxidant properties of vitamins A, B, C, D, E. 
G, and nicotinie acid and found that only vitamins C and E were 
effective. 

Tracy and Corbett (1939) have shown that the addition of .1 to 
.25 per cent sodium citrate retarded the development of oxidized 
flavor in milk. This is in agreement with Barnicoat and Palmer 
(1939) who found that plasma salts (soluble citrates and phos- 
phates) have marked antioxygenic effects when added to regular 
butter and butter made from washed cream. 

Anderson (1939) has reported that a pancreatic extract (En- 
zylac) protected milk from developing an oxidized flavor. 
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Dahle and Josephson (1937a, b, ¢), Corbett and Tracey (1938), 
Koenig (1937), Maack and Tracy (1938), Mueller and Mack (1937), 
and Peters and Musher (1937) have shown that the use of a finely 
ground oat flour or a water extract from the oat flour prevented or 
retarded the oxidized flavor development in milk, ice cream, frozen 
cream, and butter. Mueller and Mack (1939) studied the antioxida- 
tive properties of several cereal flours and found that whole oat fiour, 
finely milled oat flour, and corn flour were of equal value and that 
wheat, barley, rye, and rice flours had but little antioxidative value. 

Dahle and Palmer (1937), Dahle and Josephson (1939), and 
Garrett (1940) found that paper milk containers sized in an oat- 
flour bath or coated with paraffin treated with oat flour retarded 


the development of oxidized flavor in ‘‘suseceptible’’ and copper- 


contaminated milk. 
EXPERIMENTAL RESULTS 

The control of oxidized flavor in dairy products through the 
use of antioxidants has been studied. The results secured by the 
addition of ascorbie acid, certain amino acids, coneentrated water 
extracts from cereal flours, and a pancreatic enzyme are reported 
in this paper. 

The procedures followed in performing the various experiments 
reported in this paper are presented with the data. In the absence 
of more satisfactory methods, the extent of oxidized flavor was deter- 
mined by the sense of taste. A negative sign indicates no oxidized 
flavor, a plus and minus sign indicate questionable oxidized flavor, 
and numbers from 1 to 6 indicate increased intensity of oxidized 
flavor. Unless otherwise specified the milks were pasteurized at 
61.7°C.(143°F.) for 30 minutes, cooled, and stored at 4.4°C.(40°F. ). 

Because of the magnitude of data which has been accumulated 
during the course of this study only representative results are 
presented. 

AMINO ACIDS 

Lea (1938) found certain amino acids to be antioxidants when 
used in lard. Marvel (1936) patented the use of tyrosine and tyro- 
sine esters as antioxidants in edible fats and oils. No one, so far as 
the authors are aware, has reported on the antioxidant properties 
of the amino acids in dairy products. 

In this study the amino acids or esters were added to the milk 
previous to pasteurization and the milk was pasteurized at 143°F. 
for 30 minutes and cooled. Copper was added in the form of a 
one-per cent sulphate solution. The data (Tables 1 and 2) indicate 
that tyrosine and the tyrosine esters have marked antioxidant prop- 
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erties. The tyrosine and tyrosine butyl ester are neutral in flavor. 
Probably the normal butyl ester of tyrosine will prove to be more 
desirable because of its greater solubility. 


TABLE 1 


Effectiveness of Certain Amino Acids in Retarding Development of 
Oxidized Flavor in Milk 


Degree of oxidized 





— 6 lU| eee 
pet. 
Pe cncoscevesivncuspieiues Winiesncummunnavadensenmbiiiepenetetediones a 4 
Tyrosine .02 Ww 
Tyrosine .03 — 
Tyrosine 04 
I BN cr cccceccssieninsnceciestnsintocssescssecssce 01 = 
ee GN ren coctnseseniprtirneiienietsenniescinccescesees 02 + 
PSIG CUFT GORGE ois tsasssssvcscsccsesrersieseseserevssensesurne 08 + 
IE Fr. I OO ven svvcevessnsccvesevesessecastveceaveens 02 = 
NE Bis PE i vccc kien ctcsasvncnveceussinrtncnteossesss .04 ~- 
i TE I GE os vcsinccncicicsccsecicesccosecrecterasce 025 + 
RNS TA, CUR IR OIUEE osc encsnccesintsziosseonesesversvosevess 05 - 
aR TE I II on cac cover ctencenesonsesesceiensesevexces 025 * 
Leucine N. amy] ester’. 05 + 
Glutamic di-ethyl ester’ 025 4 
Glutamic di-ethyl ester’ 05 3 








1 Objectionable off-flavor. 


TABLE 2 
Effectiveness of Various Amounts of Normal Butyl Ester of Tyrosine in 


Retarding Development of Oxidized Flavor in Milk 


Degree of oxidized flavor 


1 day 2 days } 3 days 4 days 
Sample Amount |- 
| added _ | 66 | : 66 : 66 , .66 
| No p.p.m, No p.p.m, No p.p.m. vO p.p.m. 
Cu Cu Cu Cu | Cu Cu Cu Cu 
pet. 
COMER, cccscesssces ake - i) = 5 2% 6 4 6 


Tyrosine N. 
butyl ester.....| .02 _ ‘ _ as = ; : bow 
Tyrosine N. 
butyl] ester.....| .03 — as ‘ sei ’ —_ - — 


ASCORBIC ACID 
Several investigators—Chilson (1935), Dahle and Palmer (1937), 
and Greenbank (1936)—have reported that ascorbie acid prevented 
the development of oxidized flavor in susceptible milk. Barnicoat 
and Palmer (1939) found that the addition of vitamin C to iron- 
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contaminaied or copper-contaminated churning cream retarded the 
development of oxidized flavors in butter but tended to promote 
oxidized flavors in butter made from metal-free cream. 

Numerous trials have been made in studying the antioxygenic 
properties of ascorbic acid in copper-contaminated milk; typical re- 
sults are given (Table 3). It is evident that the addition of ascorbic 
acid intensified the development of oxidized flavor in some instances 
and retarded it in others. From the chemical nature of ascorbie acid 


TABLE 3 
Effect of Addition of Vitamin C on Development of Oxidized 
Flavor in Milk 


TRIAL A 
Degree of oxidized flavor 


2 days 4 days 
Sample — = 
1p.p.m.| 3p.p.m. 1 p.p.m.) 3 p.p.m. 

Cu Cu Cu Ju 








ERR ne ee RE ee en ee ea + 2 1% 4% 
Milk + ascorbic acid—10 mg. per liter.................. 1 4 2% 6 
Milk + ascorbic acid—20 mg. per liter................... 2 5 3 7 
Milk + ascorbic acid—50 mg. per liter.... 3 6 6 8 
TRIAL B 
Degree of oxidized flavor 
1 day 2 days 3 days 4 days 
Sample $$ 
‘4 .66 = .66 " .66 . .66 
No p.p.m No p.p.m. No p.p.m No p.p.m 
Cu Cu Cu Cu Cu Cu Cu Cu 
I iesaiesctteseoncactoones = 5 + 5 2% 6 4 6 
Milk + ascorbie acid 
10 mg. per liter......... — ) — 6 2% 6 3 6 
25 mg. per liter........ —- 3 -- 6 2 6 2 5 
100 mg. per liter......... -— + _- 3 — 6 - 6 


(a strong reducing and easily oxidized compound) one would expect 
it to have only limited protective action, especially in the presence 
of copper which would hasten its oxidation. 

Apparently the addition of 50 to 100 milligrams of ascorbie acid 
per liter retards the development of oxidized flavor in copper-con- 
taminated milk for 24 to 48 hours, after which the development of 
the oxidized flavor seems to be accelerated. In cases where the 
amount of ascorbic acid present was determined ? at frequent inter- 
vals during storage of copper-contaminated milk to which 25 to 100 
milligrams of ascorbic acid per liter had been added, it was found 


*Reduced form of ascorbie acid determined by titration with 2, 6 dichloro- 
phenolindophenol using Sharp’s procedure, Journal of Dairy Science, 21, p. 85. 
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that the oxidized flavor developed before all the ascorbie acid was 
destroyed. 
PANCREATIC ENZYME 

The addition to milk of a pancreatic extract containing trypsin, 
erepsin, and lipase for the purpose of reducing the curd tension has 
been found by Anderson (1939) to prevent the development of the 
oxidized flavor. In an attempt to verify these results a commercial 
extract (Enzylac) was added to the raw milk at 32.2°C.(90°F.) 
which was then pasteurized at 61.7°C.(1438°F.) for 30 minutes. 

The extract proved to be a very effective antioxidant. When 
using this product care must be taken, however, to prevent exces- 
sive lipase action which will cause the development of rancid flavors. 


TABLE 4 
Effect of Pancreatic Extract on Development of Oxidized 
Flavor in Milk 
Degree of oxidized flavor 


Sample Curd 


tension 1 day 2 days 3 days 4 days 


Control milk 56 ve — 
Control milk + .66 p.p.m. Cu ay 5 4 
Milk + extract’ 

Milk + extract’ + .66 p.p.m. Cu 


> One part of extract to 25,000 parts of milk. 


This difficulty was experienced when an attempt was made to use 
the enzyme to retard the oxidized flavor in ice cream made from 
homogenized milk products. 


CEREAL GRAINS AND THEIR DERIVATIVES 

The antioxygenic properties of several of the cereal grains and 
water extracts obtained from these cereal grains have been studied 
in different dairy products; the results secured from some typical 
trials with milk are given (Table 5). 

The Avenex and the desiccated combination of skim milk and 
water extract of Avenex were the most effective in preventing or 
retarding the development of an oxidized flavor. The desiccated 
product was made by combining concentrated skim milk and the 
supernatant liquid from a 10-per cent suspension of oat flour and 
water. The product was then dried on a roll drier. One per cent 
of this powder contained the equivalent of .5 per cent of oat flour. 
It was interesting to note that ordinary raw sugar gave a_ notice- 
able antioxidant effect ; however, clarified raw sugar or refined sugar 


gave none. 
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Several investigators—Dahle and Josephson (1939). Dahle and 
Palmer (1937), and Garrett (1940)— have reported that paper milk 
containers treated with oat flour or with a water extract from oat 
flour retarded the development of oxidized flavors in milk stored 


TABLE 5 


Effectiveness of Avenex (Finely Ground Oat Flour) and Water Extracts From 
Avenex in Preventing Development of Oxidized Flavor in Mill 


Experiment 1 


CT sconicsissneiicsicctteantacnccntsencisintsuisesebevibennees 
Milk +. 
Milk +. 
Milk + 






04 per cent Avenex 
SO PEF CONE A VERCE...000ccccccrcccsevscesess 


Experiment 2 

LANE ccasinccaninesccncbibiteveubedaiiickwibaicenininduawwnrees 
Milk + .05 per cent water extract 
concentrated to 30 per cent T.S 
Milk + .10 per cent of above extract 


Experiment 3 


CR ianaiciceatacecnreatcsteicnnniienisncinoutanneniinadziniiein 
Milk + .2 per cent dried mixture of 
skim milk and Avenex extract 
Milk + .4 per cent dried mixture of 
skim milk and Avenex extract 
Milk + .6 per cent dried mixture of 
skim milk and Avenex extract 


Experiment 4 


Refined cane sugar—2 per cent.................060 
Ordinary raw sugar—2 per cent................06 
Clarified raw sugar—2 per cent................... 


Clarified raw sugar + 10 per cent water 


extract of Avenex—2 per cent.................. 


1 Slight off-flavor. 


in them. 
to study their antioxygenic effect. 
by two different methods. 


40 per cent Avenex’..............ccsceees 


2 days 





No Cu 3 p.p.m 
ms 2 
= »” 
—_ » 
_ 1 
| 1 day 
No Cu 3-p.p.m. 
_—- | 3 
Poe » 
aa 1 
2 days 
No Cu 3-p.p.m. 
= 9 
2 days 
4 
” 
4 
4% 


? Three p.p.m. copper added to samples. 


Numerous trials were made with treated milk 


Degree of oxidized flavor 


4 days 
. Cu No Cu 3 p.p.m, Cu 
—_ 4 
4 
ou» o 
—— » 
2 days 
Cu No Cu 3-p.p.m. Cu 
4 6 
1 4 
a 3 
4 days 
Cu No Cu 3-p.p.m, Cu 
ow 4%, 
» 
_ 1 
3 days? 
5 
2, 
5 
5 
containers 


The paper bottles were treated 


The first method consisted in mixing oat 


flour with hot paraffin and spraying it on the inside of the formed 


paper bottles. 


The authors were unable to find any indication of 


the oxidized flavor being retarded in milk in bottles treated in this 


manner. Bottles thus treated presented certain other difficulties since 
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some of the paraffin peeled off the walls of the containers, and bulg- 
ing of the bottles took place. A more satisfactory method of treating 
the bottles from a mechanical standpoint was to size the paper board 
in a 10-per cent oat-flour solution; the bottles were then formed and 
paraffined ; results of a typical trial are given (Table 6). The data 
show that treating the paper containers with Avenex did not pro- 
duce a noticeable antioxygenic effect. This is not in agreement with 
certain other investigations which have shown definite positive results. 

Treatment of paper bottles with water containing methylene blue 
shows that there is a limited penetration of the paper by moisture. 
This occurs mostly at the corners or wherever the paper has been 
folded or bent in the process of manufacturing the bottle. Tracy 


TABLE 6 
Comparison of Untreated and Treated Paper and Glass Bottles in 
Preventing an Oxidized Flavor in Milk 


| Degree of oxidized flavor 





Description 





|} 24hr. | 48 hr. 72 hr. | 96 hr. 
1. Control glass bottle...... — — 1% | 3 
2. Control paper bottle — - 1% | 2% 
BS. THOACSE WACK DOCEIC.....<seccecreccscccsccescoosoees — — 1% 3 
4. Control glass bottle—1 p.p.m. Cu............ 2 3% 5 | 5 
5. Control paper bottle—1 p.p.m. Cu........... 2 3% 5 5 
6. Treated paper bottle—1 p.p.m. Cu.......... 2 3 5 5 





(1937) has shown that quart paper containers will absorb 1.8 to 2.4 
grams of moisture from the milk if allowed to stand for 72 hours at 
4.4°C.(40°F.). It would seem, therefore, that the amount of the 
active agent that could be absorbed by the milk from the Avenex- 
treated paper containers would be governed largely by the complete- 
ness to which the Avenex was covered by the paraffin. It is hard to 
conceive that a very large amount of the active agent would be able 
to diffuse through the paraffin into the milk, hence the amount of 
protection that could be obtained from the use of Avenex-treated 
bottles would be limited. It is likely that there occurs a greater 
movement of the active agent in some eases than in others, and it is 
also to be expected that some milks will respond more rapidly than 
others to the effect of this small amount of the active principle. Thus, 
variable results from the use of Avenized paper bottles are likely to 
be obtained. 


EFFECT OF FAT ANTIOXIDANTS ON OXIDATION OF ASCORBIC ACID 


Chilson (1935) has shown that oxidation of ascorbie acid precedes 
the development of oxidized flavor; however, Beck, Whitnah, and 
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Martin (1939) found exceptions to this when working with raw 
milk. Sinee no one has reported on the effeet of fat antioxidants on 
the rate of oxidation of ascorbic acid, several trials were made to 
determine the effect of the fat antioxidants on oxidation of ascorbic 
acid as well as on the development of oxidized flavors. The data for 
one of the trials using the cereal flours are given (Table 7). 

The cereal flours were added previous to pasteurization and the 
copper after pasteurization. The addition of the flours retarded the 
development of the oxidized flavor but did not affeet the oxidation 
of ascorbie acid. 

Further trials on milk stored in paper containers treated with oat 
flour showed that there was no inhibitory effect on the destruction 


TABLE 7 
Comparison of Vitamin C Content and Degree of Oxidized Flavor in Milk 
Treated With Different Cereal Products 





Ascorbic acid per liter Degree of oxidized flavor 





Sample t ——_— 
Fresh 1 day 3 days 1 day 3 days | 5 days 
mg. mg. mg. io | 
CIE Ove ccscedcnnsttsnscmnceceonn 16.70 10.96 | 2.07 }; — | — — 
Milk + 3 p.p.m. CUr.ceccescccceesseeeee 16.70 1.05 | 0 ma Et 5 
Milk + .2% pulverized 
oats + 3 p.p.m. Cui......cccecceeees 16.70 185 | 0 _— 1 3 
Milk + .2% finely ground 
oat flour + 3 p.p.m. Cu............ 16.70 0.82 0 - 1 3 
Milk + .2% corn flour 
Se: 16.70 1.05 | 0 | — | 1% 3 


of ascorbic acid. The effect of other treatments, such as homogeni- 
zation of the milk, the addition of normal butyl ester of tyrosine and 
pancreatic extract, which have been shown to retard development of 
oxidized flavors, were studied to determine their effect on the pro- 
tection of ascorbic acid in milk during storage. 

The antioxidants were added previous to pasteurization and the 
copper after pasteurization. 

The addition of antioxidants or homogenization of the milk did 
not retard the oxidation of ascorbic acid although it did prevent fat 
oxidation. Corbett and Tracy (1940) also found that condensing 
milk in the vacuum pan prevented the development of oxidized 
flavor but did not delay the oxidation of ascorbie acid. 


USE OF CEREAL PRODUCTS IN BUTTER AND ICE CREAM 


The use of cereal flour in ice cream and sherbets has been studied 
extensively at several experiment stations. Generally, it has been 
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found that the addition of .3 to .5 per cent of Avenex is sufficient 
to retard development of oxidized flavor in vanilla ice cream to 
which as much as three parts per million of copper was added. In 
strawberry ice cream .5 per cent oat flour will delay development of 
oxidized flavor when only small amounts of copper (under one part 
per million) are present. If the mix is contaminated with greater 
amounts of copper, only slight protection is afforded. The oat flour 
ean be added as a gruel in the dry form to the mix before processing 
or in the dry form to the mix at the freezer. 


TABLE 8 
Effect of Homogenization and Addition of a Tyrosine and Pancreatic Extract on 
Ascorbic Acid Content and Development of Oxidized Flavor 
Ascorbic acid per liter after Oxidized flavor after 
Sample 
Fresh | 24hr. 48 hr. 1 day 2 days 3 days 
mg. ne mg. 7 
Control | 22.) 11.9 8.0 
Control + .66 p.p.m. Cu 22.1 2.0 
N. butyl ester of 
tyrosine .02% 18.0 
02% + .66 p.p.m. Cu 18.0 
16.4 
.03% + .66 p.p.m. Cu 
Pancreatic enzyme 
(1-25,000) 
Pancreatic enzyme 
+ .66 p.p.m. Cu 
Homogenized milk 
Homogenized milk + 
.66 p.p.m, Cu 


A finely ground corn flour has been found to be equally as 
effective as oat flour as an antioxidant. To simplify the method of 
addition of the oat flour and to remove the objection of sediment 
or extraneous material in the ice cream, water extracts from Avenex 
have been studied. Ilowever, the addition of water extract to the 
mix does not give sufficient protection against oxidized flavors. It 
was thought that the antioxidant effect might be inereased by com- 
bining water extract of Avenex with skim-milk powder which is also 
known—Musher (1939)—to possess antioxidative properties; the 
data from sueh trials are given (Table 9). 

In Experiment 1 the extract was prepared by making a 10-per 


cent suspension of Avenex in water and decanting the clear portion. 
Part of this extract was then mixed with concentrated skim milk 
and dried. One per cent of this powder contained the soluble con- 
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stituents of .5 per cent oat flour. The data show that slight proteec- 
tion was afforded by the water extract when added in a liquid form, 
but when the extract was dried with the skim milk and added in 
the same proportion, a very definite protection was afforded to the 
ice cream. 

In Experiment 2 a commercially prepared, concentrated, water 
extract (30 per cent T. 8S.) of Avenex was mixed with concentrated 


TABLE 9 
Comparison of Water Extracts of Avenex as Antioxidants in 
Vanilla Ice Cream 


Flavor scores 





. : Fresh 7 days 17 days 
Experiment 1 3 
No 2 p.p.m. No 2 p.p.m. No 2 p.p.m. 
Cu Cu Cu Cu Cu Cu 
Ra icacbicestccissiticictemenuniancient 45.5 43.5 45.0 38.5 41.5 37.0 
1% water extract of 
PORE DEBUG oon eseccnvscocscceseees 44.0 44.0 44.0 41.0 42.5 40.0 
1.0% dried skim-milk, 
Avenex-extract mixture........ 43.75 43.75 43.5 43.0 43.5 43.5 
Fresh 6 days 13 days 
Experiment 2 No 11.5 p.p.m. No 1.5 p.p.m. No 1.5 p.p.m 
Cu Cu Cu Cu Cu Cu 
IE ass csiicinssocaniussoccnoessenccsens 44.0 44.0 44.0 42.0 44.0 37.0 
1.33% skim-milk powder 
added 44.0 44.0 44,0 44.0 44.0 38.0 
1.33% dried skim-milk and 
cone, Avenex-extract 
MUIREUTS DADC ....0.cccrvcerccesscesss 44.0 44.0 44.0 44.0 44.0 41.0 
Fresh 8 days 38 days 
Experiment 3 No 2 p.p.m. No 2 p.p.m. No |2p.pm. 
Cu Cu Cu Cu Cu Cu 
Control 15% eane sugar........... 45.0 45.0 45.0 38.0 44.0 38.0 
15% Avenized cane sugar 45.0 45.0 44.0 42.5 44.0 39.0 





skim milk (30 per cent T. 8.) at the rate of one pound of extract to 
15 pounds of concentrated skim milk and then dried. A slight anti- 
oxidant effect was given by the plain skim-milk powder, but slightly 
more significant results were secured with the dried Avenex-extract, 
concentrated, skim-milk mixture. 

In the third experiment an Avenized sugar containing one per 
cent of concentrated corn-flour extract on a solids basis was used 
in one mix in place of regular cane sugar. It will be noted (Table 9) 
that for one week the ice cream containing the Avenized sugar was 
much better than the control, but at the end of the storage period 
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there was not much difference in the two ice creams. The use of 
the treated sugar would give a very simple and easy method of in- 
corporating the antioxidant when only a slight protective action is 
needed. 


Corbett and Tracy (1938) studied the effectiveness in butter of 
several antioxidants derived from the cereal flours. It is not practical 
to add the cereal flours directly to the cream used for buttermaking 


TABLE 10 
Effect of Addition of Concentrated Water Extract Prepared From 
Cereal Grains on hatte tt Gutity roche Butter’ 














Sco ore of butter 
Fresh | 13 days | 21 days j 40 days 
Experiment 1 a — 
. 2 | ~ 1.3 | " ce tw 2 
o o No | NO 
p.p.m | p-p.m. | p.p.m. p.p.m. 
Cu Cu | Cu | Gui} Cu Cu | Cu | Cu 
ere a Ie ——— EE aia a — : 
Control... psebaiabialeansenaeeeein 92.5 90.0 | 92.5 | 88.5 | 92.0 89. 0 90.5 88.0 
| | 
.4% cone. Avenex ex- 





tract added on fat | | 
basis (70% T.S.)......... 92.5 90.0 92.25) 89.5 92.0 89.5 90.5 89.0 











1.5 p. P. m. Cu ‘added to all samples 











Experiment 2 


Fresh 9 days | 1 3 day 8 21 days 
ES icone 91.0 90.5 | 88.5 87.0 
.15% cone. Avenex ex- 
tract added fat basis...| 91.5 91.5 90.0 88.0 
.25% eone. Avenex ex- 


tract added fat basis... 92.0 92.0 90.5 88.5 
os | No copper added —_ ae 
Experiment 3 x = “7 





Fresh 1 month 2% months | 4 months 
- a - a mm | 
Regular salt (2.5 5 %) cane 89.5 90.5 90.5 89.0 
Avenized salt (2.5%)... 91. 5 91.0 91.0 89.0 





1 Experiment 1 and 2 ‘samples were held at 1.7 to 4.4°C.( 35 to 40°F.) and Experiment 
3 samples were held at —17.8 to —15°C.(0 to 5°F.). 


or directly to the butter because of the large amount of undissolved 
flour which remains in the butter. A filtrate was prepared from a 
10-per cent solution of Avenex in water. After mixing, the insoluble 
material was allowed to settle to the bottom. The top portion was 
then decanted and added to the cream before pasteurizing. Equally 
good results were obtained from the use of the water filtrate and 
from the addition of the Avenex in regular churning cream and 
eream artificially contaminated with three parts per million of cop- 
per. The Avenex which was added directly or from which the filtrate 
was made amounted to one per cent of the weight of the fat in the 
cream. 
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Since the earlier work was published, the authors have had occa- 
sion to test the antioxidative properties of several concentrated water 
extracts of oat and corn flour by adding them to cream used for 
buttermaking. The effect of adding Avenized salt was also studied ; 
the results secured from some of these trials are given (Table 10). 


In Experiment 1 (Table 10) a slight improvement was noted in 
the copper-contaminated samples to which the concentrated Avenex 
was added. The improvement was more noticeable in Experiment 2 
(Table 10). In both experiments the concentrated extract was added 
to the cream before pasteurizing. In Experiment 3 (Table 10) the 
Avenized salt used was prepared by adding a concentrated Avenex 
extract to the hot salt solution before the salt was dried and erystal- 
lized. The finished salt contained .8 per cent by weight of the con- 
centrate solids. The data show a slight improvement for the Avenized 
salt butter over the control butter up to two and one-half months’ 
time. At the end of that time the Avenized salt apparently lost its 
protective action. 

SUMMARY 


A study was made to determine the merits of several antioxidants 
in milk, butter, and ice cream. Several of these products were found 
to be very effective when added to dairy products. 


Tyrosine and the more soluble esters of tyrosine were found to 
be very effective antioxidants when used in milk in concentrations of 
.02 to .04 per cent. The normal amyl] ester of leucine was also an 
effective antioxidant but imparted an objectionable off-flavor to the 
milk. The di-ethyl ester of glutamic acid did not produce a notice- 
able antioxidant effect and it gave a rather objectionable off-flavor. 

The addition of 10 to 100 milligrams of -ascorbie acid per liter 
of milk gave rather conflicting and variable results. In metal-free 
milk, the addition of ascorbie acid retarded the development of oxi- 
dized flavors, but did not prevent the development of the off-flavor. 
In copper-contaminated milk the ascorbic acid first retarded the 
development of the oxidized flavor and then after a certain point 
was reached, the development of the oxidized flavor was accelerated. 
In eases where 50 to 100 milligrams of ascorbic acid was added an 
oxidized flavor developed in the copper-contaminated milk before all 
the reduced ascorbic acid disappeared. 

The addition of pancreatic extract in the proportion of one part 
of extract to 25,000 parts of milk effectively prevented the develop- 
ment of an oxidized flavor. The addition of concentrated water ex- 
tracts of the cereal grains was found to delay the development of 
an oxidized flavor in milk. The most effective product was made by 
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there was not much difference in the two ice creams. The use of 
the treated sugar would give a very simple and easy method of in- 
corporating the antioxidant when only a slight protective action is 
needed. 

Corbett and Tracy (1938) studied the effectiveness in butter of 
several antioxidants derived from the cereal flours. It is not practical 
to add the cereal flours directly to the cream used for buttermaking 


TABLE 10 
Effect of Addition of Concentrated Water Extract Prepared From 





Score of butter 





21 days | 40 days 

Experiment 1 i — Se mm 
| No | 

‘| Cu PP 





2 


-m. 
u 








Control 

.4% cone. Avenex ex- 
tract added on fat | 
basis (70% T.S.).........| 92.5 | 90.0 .25| 89.5 | 92. 89.5 | 90.5 








Experiment 2 


Control 91.0 90.! | 88.5 
.15% cone. Avenex ex- 

tract added fat basis... 91.5 91. 90.0 
.25% cone. Avenex ex- 

tract added fat basis... 92.0 90.5 


Fresh ys | 13 days 


| No copper added 


Baperimant Fresh | 1 month 2% months | 4 months 


Regular salt (2.5%) | 89.5 90.5 90.5 89.0 
Avenized salt (2.5%)..... 91.5 91.0 91.0 89.0 


1 Experiment 1 and 2 samples were held at 1.7 to 4.4°C.(35 to 40°F.) and Experiment 
3 samples were held at —17.8 to —15°C.(0 to 5°F.). 





or directly to the butter because of the large amount of undissolved 
flour which remains in the butter. A filtrate was prepared from a 
10-per cent solution of Avenex in water. After mixing, the insoluble 
material was allowed to settle to the bottom. The top portion was 
then decanted and added to the cream before pasteurizing. Equally 
good results were obtained from the use of the water filtrate and 
from the addition of the Avenex in regular churning cream and 
eream artificially contaminated with three parts per million of cop- 
per. The Avenex which was added directly or from which the filtrate 
was made amounted to one per cent of the weight of the fat in the 
cream. 
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Since the earlier work was published, the authors have had occa- 
sion to test the antioxidative properties of several concentrated water 
extracts of oat and corn flour by adding them to cream used for 
buttermaking. The effect of adding Avenized salt was also studied ; 
the results secured from some of these trials are given (Table 10). 

In Experiment 1 (Table 10) a slight improvement was noted in 
the copper-contaminated samples to which the concentrated Avenex 
was added. The improvement was more noticeable in Experiment 2 
(Table 10). In both experiments the concentrated extract was added 
to the cream before pasteurizing. In Experiment 3 (Table 10) the 
Avenized salt used was prepared by adding a concentrated Avenex 
extract to the hot salt solution before the salt was dried and crystal- 
lized. The finished salt contained .8 per cent by weight of the con- 
centrate solids. The data show a slight improvement for the Avenized 
salt butter over the control butter up to two and one-half months’ 
time. At the end of that time the Avenized salt apparently lost its 
protective action. 

SUMMARY 

A study was made to determine the merits of several antioxidants 
in milk, butter, and ice cream. Several of these products were found 
to be very effective when added to dairy products. 

Tyrosine and the more soluble esters of tyrosine were found to 
be very effective antioxidants when used in milk in concentrations of 
.02 to .04 per cent. The normal amy! ester of leucine was also an 
effective antioxidant but imparted an objectionable off-flavor to the 
milk. The di-ethyl] ester of glutamic acid did not produce a notice- 
able antioxidant effect and it gave a rather objectionable off-flavor. 

The addition of 10 to 100 milligrams of ascorbie acid per liter 
of milk gave rather conflicting and variable results. In metal-free 
milk, the addition of ascorbic acid retarded the development of oxi- 
dized flavors, but did not prevent the development of the off-flavor. 
In ecopper-contaminaied milk the ascorbic acid first retarded the 
development of the oxidized flavor and then after a certain point 
was reached, the development of the oxidized flavor was accelerated. 
In eases where 50 to 100 milligrams of ascorbic acid was added an 
oxidized flavor developed in the copper-contaminated milk before all 
the reduced ascorbic acid disappeared. 


The addition of pancreatic extract in the proportion of one part 
of extract to 25,000 parts of milk effectively prevented the develop- 
ment of an oxidized flavor. The addition of concentrated water ex- 
tracts of the cereal grains was found to delay the development of 
an oxidized flavor in milk. The most effective product was made by 
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drying a mixture of a water extract of a cereal flour and concen- 
trated skim milk on a roller drier. 

The addition of the various antioxidants which retarded the de- 
velopment of the oxidized flavor was found to have no effect on the 
oxidation of ascorbic acid. 


The addition of the water extracts prepared from the cereal flours 
had only a slight antioxygenie effect when used in ice cream. A more 
effective product was the dried water-extract and concentrated skim- 
milk mixture. The addition of a commercially prepared Avenized 
sugar was found to give a slight antioxidant effect. 

The addition to churning cream of a concentrated water extract 
of the cereal flours or addition of an Avenized salt to the butter was 
found to retard the development of oxidized flavors in butter. 
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NUTRITIVE VALUE OF AGAR AND IRISH MOSS? 
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The plants of the sea have always been considered an important 
reserve of food and raw material for industrial products which 
could be utilized in any emergency. Practical difficulties of harvest- 
ing, transporting, and handling these bulky plants have been hin- 
drances in their utilization as raw material for industry. Food 
preferences and competition with land plants have mitigated against 
their use as foods except in the Orient and in Hawaii where many 
types of raw, pickled, and dried sea plants are items in the daily diet. 

Members of the fishery industry of the United States were par- 
ticularly interested in determining the nutritive value of some of 
the commonly available products derived from marine vegetation 
which are used as stabilizers in foods, and at their request this study 
was conducted. The experimental data for two of the products, agar 
and Irish moss, are reported in this paper. 

Agar is the commercial name for the dried and partially bleached 
gelatinous extract of certain species of red algae. Tressler (1923) 
reported that the following varieties of algae are found in sufficient 
quantities on the California coast to be of commercial importance: 
Gelidium corneum, Gelidium cartilagineum, Gracilaria confervoides, 
Euchemia spinosium, and various species of Tenax and Gigarteneae. 
Practically all of the world’s supply of agar has come from China, 
Japan, Ceylon, and Malaysia. The California operators estimate that 
a steady annual crop of 1,000 to 2,000 tons of algae could be har- 
vested. This amount would supply a considerable portion of the 
demand for agar. 

The prepared agar is added to jellies and is used as a thickener 
of sauces, soups, and gravies. It is used as a stabilizer in some types 
of ice eream and is added to candies, pastries, and desserts. The 
grade of agar used in the feeding tests herein reported is commonly 
used as bacteriological media and contains a comparatively high per- 
centage of vegetable gum. 

Irish moss is also known as Chondrus echondrus and Carrageen 
and is the dried and bleached plant of Chondrus crispus (Linni) or 


*This paper was presented at the meeting of the American Chemical Society 
at Detroit, Michigan, on September 12, 1940. 
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of Gigartina mamillosa. Plymouth county, Massachusetts, is the 
chief center of the production of Irish moss in the United States. 
Irish moss is used in making blane mange and other puddings, 
as a clarifying agent for beverages, and as a stabilizer of chocolate 
in chocolate-milk beverages. The Irish moss used in the feeding 
tests herein reported was especially refined for use in foods and 
contained less protein and ash than is common to most grades. 


EXPERIMENTAL PROCEDURE 
Male albino rats were allotted to experiment at an average initial 
live weight of 53 grams with a range of 48 to 58 grams. The animals 


TABLE 2 
Composition of Agar, Irish Moss, and Salt Mixtures Used 


Per cent by weight 


edie : | Salt mixture 
Ingredients Irish 
moss 


Regular | No. 3 
Moisture 20.8 
Nitrogen-free extract 79. 60.3 
Protein oJ 1.6 


Calcium lactate 

Dicalecium phosphate 

Dipotassium phosphate 

Potassium chloride 

Sodium chloride 

Calcium carbonate 

Magnesium carbonate 

Magnesium sulphate 

Ferric citrate of 4.0 
Copper sulfate , 1.0 
Manganese sulfate 5 05 
Potassium iodide : 0.01 


were individually housed in screened cages fitted with sereen floors. 
Food and water were fed ad libitwm and the intake of each was 
recorded. 

Groups of six rats each were allotted to be fed the control diet 
and diets containing approximately 5, 10, 20, and 30 per cent agar 
and 5, 10, and 20 per cent Irish moss (Tables 1 and 2). The 30-per 
cent level of Irish moss was not fed because of a lack of cages. These 
quantities were chosen arbitrarily but the higher levels probably 
represent from 10 to 100 times as much as is likely to be consumed 
in the daily diet. The food intake of the various groups was caleu- 
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lated to the equivalent dry-matter content of the control diet. The 
excess was added to the water-intake records. 

Originally, a nine-week test was contemplated. In order to obtain 
accurate apparent digestibility coefficients representing the entire 
period, paper towels were spread under the screen floors and the 
feces were collected every two or three days. These feces samples 
from individual rats were kept in a cool place and later dried to 
determine the dry-matter content. Preliminary tests soon showed 
that the agar and Irish moss could not be readily extracted from 
the dried feces. Consequently, another sample was collected during 
the 10th week for the determination of agar, Irish moss, and dry- 
matter content. The data for gain in weight and food and water 
requirements cover the 10-week period, while the data on the digesti- 
bility of agar and Irish moss are limited to the 10th week. 

The feces samples collected during the 10th week, less an aliquote 
for dry-matter determination, were individually extraeted three times 
with petroleum ether to remove fats. They were then digested in 
boiling water for one hour while being agitated at high speed. Filter 
aid was added and the solution was filtered through a Biichner filter. 
The digestion procedure was repeated twice, after which the com- 
bined filtrates were precipitated with aleohol and permitted to stand 
overnight to insure complete precipitation. The precipitate which 
included the nitrogen-free extract of agar and Irish moss plus some 
protein and ash was dried, and aliquot samples per group were 
taken for protein and ash determinations. The apparent digestibility 
of agar and Irish moss was calculated from the intake and excretion 
of nitrogen-free extract. This procedure probably does not give an 
absolutely true answer but was considered to be the best approxi- 
mation that could be obtained under the circumstances. 


EXPERIMENTAL DATA AND DISCUSSION 

In general, the rats grew very well and at the close of the 
10-week period the mean live weight per group ranged from 245 
to 389 grams. Only in the group fed 20 per cent Irish moss was 
there an excessive mortality. Three of the six rats in this group 
died during the first two weeks of the experimental period and it 
is quite likely that a change of bacterial flora in the intestinal tract 
to those types which more readily digest Irish moss is essential to 
survival. The necropsies were essentially negative. A much more 
laxative condition was noted in the rats fed the Irish moss than 
in those fed agar. The bulk was not so great but the feces were 
poorly formed, very soft, and smeary. The mean total excretion of 
dry matter per group during the 10-week period was 26 grams for 
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the control group; 38, 87, 106, and 191 grams for the groups fed 
agar; and 28, 61, and 36 grams for the groups fed Irish moss. The 
dry-matter content of the feces varied from 50 to 65 per cent. 

The data show that the rats within any group grew uniformly 
(Table 3) since the coefficients of variation ranged from six to 15 
per cent. Only two groups showed an approximately significant dif- 
ference from the mean of the control group. The group fed 10 per 
cent agar gained in weight almost 20 per cent more than the control 
group, and those fed 20 per cent Irish moss gained about 30 per 
cent less. It is difficult to explain why the 10-per cent level of agar 
should permit the animals to grow faster unless there was a benefi- 


TABLE 3% 
Daily Gain in Weight of Rats for 10-Week Period 


7 - Mean 
Group Number Mean weer ares difference Per cent 


designation ol daily Or from level of t 
survivors gain variation control 


gm. pet. 
Control 3.99 13 
Agar 
5 per cent 5 3.53 
10 per cent j 4.80 
20 per cent 3.95 
30 per cent j 3.70 
Irish moss 
7 per cent b 3.36 
10 per cent... 5 3.69 
20 per cent i 2.74 


1 Nonsignificant difference. 


cial effect on the functioning of the intestinal tract. This difference 
was apparent even at the end of a year when the agar-fed rats had 
a mean weight of 737 grams as compared with 529 grams for the 
controls. 

The data (Table 4) are interesting since they show that only 
the groups fed 10 per cent agar, and five and 10 per cent Irish 
moss were able to gain in weight without using significantly more 
food than the control group. Just why the five-per cent level of 
agar should cause a higher food requirement while the 10-per cent 
level did not cannot be explained at the present time. The mean 
apparent digestibility of the dry matter was depressed progressively 
with increasing levels of agar, and the 10-per cent level was no 
exception. This tendeney was not apparent when Irish moss was fed. 

The water requirement per gram gain in weight varies as may 
be expected (Table 5). It is interesting to note that although the 
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water requirement varied more within some groups than the food 
requirement, the rats fed the 20- and 30-per cent levels of agar had 
a very uniform water requirement which was significantly higher 
than that of the control group. The group fed 20 per cent Irish 


TABLE 4 
Food Required Per Gram Gain in Weight and Apparent Digestibility of 
Dry Matter for 10-Week Period 


Mean 


M Coefficient) ,. Mean | | t 
Group ame = _ difference | Per cent | digestibility 


designation required variation from | leveloft | of dry 
| control | } matter 
pet. gm. | pet. 
Control 3. 6 — iste 96.6 
Agar | 
5 per cent 3. . 94.9 
10 per cent . : j 90.5 
20 per cent 3.5% | of 87.8 
30 per cent | | ; 79.4 
Trish moss | 
5 per cent , _ | 95.8 
10 per cent | 3.2 / 91.8 
20 per cent Si B. é 94.0 


1 Nonsignificant difference. 





TABLE 5 


Water Required Per Gram Gain in Weight for 10-Week Period 


. . Mean 

Group Mean Coefficient difference Per cent 

designation water al from tevel of t 
required variation contro! 


"pet. 
Control f 18 
Agar 
5 per cent 19 0.60 
10 per cent 0.11 
20 per cent “ 1.59 
30 per cent 3. 3.32 
Irish moss 
5 per cent 1.07 
10 per cent pecnivwse | 1.89 
20 per cent 4.55 


? Nonsignificant difference. 


moss needed almost twice as much water per gram gain as the con- 
trol group. The actual total water consumption for the 10-week 
period roughly averaged 1,400 grams for the control group and those 
fed five per cent of agar and Irish moss; 1,600 grams for the group 
fed 10 per cent agar; 1,800 grams for those fed 20 per cent agar and 
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10 and 20 per cent Lrish moss; and 2,100 grams for the group fed 30 
per cent agar. 

The 10th week served as a feces collection period in order to 
determine the digestibility of the agar and Irish moss. The data 
indicate the rather surprising conclusion that the level fed has no 
important effect on the apparent digestibility of the nitrogen-free 
extract of agar and Irish moss (Table 6). There was considerable 
variation within several groups but the food-intake data were taken 
from the same period as the feces were collected, and day-to-day 
fluctuations in food intake and feces excretion would have a greater 
effect during a short period of one week than for a longer period. 

The coefficient of variation is extraordinarily large for the group 
fed 20 per cent agar with a range in apparent digestibility of five 
to 47 per cent and for the group fed 10 per cent agar with a range 
of 12 to 40 per cent. A reasonable variability was noted within the 
other groups. In general, the apparent digestibility coefficient of 
agar is about 28 per cent and that of Irish moss is 50 per cent. 

Although increasing levels of agar and Irish moss in the diet 
had no definite effect on the apparent digestibility of the vegetable 
gums, the data (Tables 7 and 8) indicate the interesting conelusion 
that there was a significant decrease in the apparent digestibility of 


dry matter of the remainder of the diet. The variation within groups 


was very small and the depression of apparent digestibility coeffi 


cient almost reached 10 per cent in the extreme case. <A significantly 
greater depression is shown (Table 8) within each series when in- 
creasing levels are fed, except for the 10-per cent agar group. In 
these studies the depression of apparent digestibility is not great 
but the trend confirms other researches which indicate that in times 
of seareity it may not be entirely desirable in the interest of national 
economy to force dilution of foods with inedible or poorly digested 
roughage. ° 

The studies reported herein are concerned only with the nutri- 
tive value of the vegetable gum and no attempt was made to deter- 
mine their value as sources of vitamins and minerals when these 
and other types of produets derived from agar and Irish moss are 


eaten as salads or added to jellies, soups, or other foods. 


SUMMARY AND CONCLUSIONS 
Male albino rats with an average initial live weight of 53 grams 
were fed individually for a 10-week period on a control diet supple- 
mented with 5, 10, 20, and 30 per cent of prepared agar and 5, 10, 
and 20 per cent of Irish moss refined for food purposes. 
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TABLE 6 
Apparent Digestibility of Agar and Irish Moss fer Single-Week Period 


Mean 





Group Mean Coefficient difference Per cent 
designation dineetibility ee. — level of t 
Agar pet. i i pet. pet. 

PN I a csseisic tala iucieaniceninssacnsesvens | 35.7 aan Se 
I I oc escccicnseecsvesenincstomwmns 23.6 42 12.1 : 
I inc sikeeenecssasiesvusisenvenianionsd 18.3 91 17.4 : 
IE CIE sisi cicscncinceossncsniscnnnieeiorsivs 29.1 23 6.6 : 

Trish moss 

BE i acncsscester ess tien oniatecbesieanrves 51.8 a ar 
DRE BOI scescceis occ sovacsssomerrneecesees 51.0 16 0.8 . 
IN sock rcnsgecastaccese teases 45.3 18 6.5 ? 

? Nonsignificant difference. 
TABLE 7 
Apparent Digestibility of Dry Matter of Diet Minus Agar or 
Trish Moss for Single-Week Period 
Group Mean Coefficient — Per cent 
designation | apparent | or. from level of t 
digestibility | variation control 
pet. m= ‘pet. pet. 
PINE icicavsinvencsisenievessieiselensniyesenceseons 95.22 a oe 
Agar 

5 per cent 92.10 1.2 3.12 <1 
10 per cent 89.22 5.5 6.00 3 
20 per cent 86.78 4.4 8.44 2 
I sic sies saseararccrivntbconcosesconcecs 85.64 1.7 9.58 <7 

Irish moss 

BN MINE si scpascveeraayedessitnacenetnerceveee 93.79 1.2 1.43 7 
ee i cictipotetetcainconneice 91.00 1.2 4.22 <1 
20 per cent... 87.42 0.5 7.80 <1 





TABLE 8 
Effect of Increasing Levels of Supplements on Apparent Digestibility of Dry 
Matter of Diet Minus Agar or Irish Moss for Single-Week Period 





Group | Mean Coefficient difference et P 
designation | ,apparent of | within level of t 
digestibility variation series ech 
Agar pet. 7 pet. pet. 
rE as cide vcemscsssussniiaocaseerstacies 92.10 an ; 
Or NIN as ss saecintensscvenderencetineaies 89.22 5.5 2.88 ‘ 
I acces icssadsitecscesssinivcseins 86.78 4.4 5.32 6 
ae | 85.64 1.7 6.46 <1 
Irish moss 
Be NR cavinetscctccednscimenercnbenapoenenes 93.79 i as 
10 per cent.. mre 91.00 1.2 2.79 “a 
er NN isaac vnddetansen verwcssecnien 87.42 0.5 6.37 «3 


1 Nonsignificant difference. 
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In general, the animals grew very well except those fed a diet 
containing 20 per cent Irish moss which suffered a 50-per cent 
mortality. 

Only the groups fed the 10-per cent agar and 20-per cent Irish 
moss diets showed a statistically significant difference in mean daily 
gain in weight from the control group. The former gained about 
20 per cent faster and the latter about 30 per cent slower. 

The rats fed the 10-per cent agar diet, and the five- and 10-per 
cent Irish moss diets required about the same amount of food per 
gram gain in weight as the control group. Statistically significant 
is the fact that more food was required by the other groups. 

The rats fed the 20- and 30-per cent agar diets, and the 10- and 
20-per cent Irish moss diets required significantly more water per 
gram gain in weight than did the control group. Almost twice as 
much water was required by the rats fed the diet containing 20 
per cent Irish moss. 

The apparent digestibility coefficient of the nitrogen-free extract 
of agar is about 28 per cent and that of Irish moss is about 50 per 
cent irrespective of the level included in the diet. 

There is a statistically significant progressive depression in the 
apparent digestibility of dry matter of the remainder of the diet 
as the level of agar or Lrish moss is increased. This depression 
amounted to almost 10 per cent when the higher levels of agar and 
Irish moss were fed. 

Only the nutritive value of the vegetable gum was studied and 
no attempt was made to determine the total food value of these or 
other types of products made from agar or Irish moss. 
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Prior to 1900 there was little work published on the microbiology 
of cacao fermentation. Preyer (1901) described a yeast, isolated from 
fermenting cacao beans, which he called Saccharomyces theobromae. 
Nicholls (1912) showed that the fermentation is divided into three 
stages, in each of which certain organisms take a predominant role. 
The first stage is concerned with the breakdown of carbohydrates to 
ethyl alcohol, the second is the transformation of ethyl alcohol to 
acetic acid, and the third is described as the ‘‘beginning of putre- 
faction.’’ Later work has shown, however, that the picture is not a 
simple one. Ciferri (1931) reports that eight types of yeasts are 
commonly present and that nine others are occasionally found. These 
include species of Saccharomyces, Endomyces, Eutorulopsis, and 
Klockeria. Lielenfeld-Toal (1927) also lists a long series of yeasts 
found in fermenting beans; including some of those found by Ciferri. 
Several other workers, Knapp (1937), have reported certain molds 
as being predominani, especially in those instances where the fer- 
mentations were carried out either on the surface of the ground 
or in pits. 

Although various microérganisms have been isolated from ferment- 
ing beans there has been little attempt to correlate the organisms with 
any definite chemical changes that take place by fermentation. This 
investigation was conducted to try to determine what organisms, par- 
ticularly bacteria, may be present during a typical fermentation and 
to ascertain something of the role they play in the breakdown of 
sugars present in the jelly-like coating of the cacao bean. 


EXPERIMENTAL PROCEDURE 

The beans used were a Costa Rican variety of Forastero and were 
procured through the courtesy of the United Fruit Company. The 
pods were chilled at the collecting station and kept under refriger- 
ated conditions until they reached the laboratory—an elapsed time of 
about three weeks. Only sound ripe pods were used; those showing 
severe bruises and cracks were discarded. Sterility tests on the beans 
were made by washing the pods with 70-per cent aleohol, opening 
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them with a sterile knife, and removing the beans for plating accord- 
ing to the method given below. In all cases where sound, unbroken 
pods were examined under aseptic conditions no organisms were 
found on the beans. 

In preparing the beans for fermentation a procedure was fol- 
lowed to approximate conditions on the plantation where natives 
chop open the unwashed pods with large knives and scoop out the 
beans by hand. By this method the beans are thoroughly mixed with 
the organisms that may occur on the pod. The beans were mixed 
and apportioned among three sterile crocks, covered with loose-fitting 
lids, and placed at three different temperatures: room temperatvre— 
20 to 25, 36, and 45°C. (68 to 77, 96.8, and 113°F.). The 36°C. in- 
cubator was kept at a relative humidity of about 70 per cent. Sam- 
ples were removed aseptically at daily intervals for bacterial analysis. 
Separate portions were taken for chemical determinations. 

Plate counts of the organisms were made by placing three beans 
(about nine grams) into a small sterile flask containing 30 ml. of 
sterile water and glass beads. The flasks were shaken thoroughly to 
completely remove the coating from the bean. This solution was then 
placed on yeast-dextrose agar containing 10 grams of dextrose, 15 
grams of agar, and 50 ml. of yeast water’ per liter, adjusted to pH 6. 
A eaecao bean-dextrose agar was also used in the preliminary work 
but was discontinued when repeated experiments showed as good or 
better growth of all organisms on the yeast-dextrose agar. The plates 
were incubated at a temperature corresponding to that of the fer- 
mentation from which the sample was taken, and typical colonies 
were picked onto agar slants for further study. The number of or- 
ganisms isolated corresponded to the frequeney of their occurrence in 
each stage of fermentation. 

Microscopie examination indicated the presence of both bacteria 
and yeast and these two groups were further subdivided by their 
biochemical activity. The bacteria were grown on dextrose, sucrose, 
and lactose broths, litmus milk, gelatin, and potato-dextrose agar. 
The yeasts were cultured in dextrose, lactose, sucrose, and maltose 
broths and potato-dextrose agar. To determine whether or not the 
yeasts were capable of forming spores they were cultivated for two 
successive transfers on a weak carrot-infusion agar. Cells from vig- 
orous cultures were also placed on moist, sterile, plaster-of-Paris 
blocks. 





*The yeast water was prepared by heating one pound of baker’s yeast in 
four liters of water for three hours at 100°C.(212°F.) and autoclaving for one 
hour at 15 pounds pressure. The cellular material was allowed to settle and the 
supernatant liquid used after standing about two weeks. 
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For chemical analyses of the samples, 200 ml. of distilled water 
were added to 100 grams of beans, shaken well, and filtered. Ten- 
milliliter portions of the filtrate were titrated with .02 N NaOH using 
phenolphthalein as indicator. The pHi was determined with a quin- 
hydrone electrode, and reducing sugars (calculated as glucose) were 
determined by the micro method of Stiles, Peterson, and Fred (1926). 


As the fermentable sugar in the coating of the beans is princi- 
pally glucose, pure cultures of certain of the organisms picked from 
the fermentation were inoculated in a medium containing 20 grams 
of dextrose and 50 ml. of yeast extract per liter in order to obtain 
further information on the effect of individual organisms on sugar. 
Quantitative determinations were made on dextrose before and after 
fermentation, acetic acid, ethyl alcohol, and carbon dioxide. Ethyl 
alcohol was separated by distillation from neutral solution, then the 
mixture was acidified with dilute H.SO,, using congo red as indi- 
cator, and steam distilled to recover acetic acid. A rough indication 
of the nonvolatile acid was obtained by titrating a sample of the 
fermented liquor and then subtracting the amount of alkali necessary 
to neutralize the acetic acid from an equivalent amount of sample. 
Carbon dioxide was absorbed in 15 per cent KOH solution and was 
determined by titration after removal of carbonates. By comparing 
the total carbon in the products analyzed with the carbon represented 
by the original sugar, it was possible to determine the per cent of 
carbon recovery. This value indicates the amount of the original 
sugar that is accounted for in the products determined. 


EXPERIMENTAL RESULTS 

The successive changes in total count, sugar, and pH during fer- 
mentation are summarized (Table 1): the relative per cent of bac- 
teria and yeasts present are given in the second column. At room 
temperature the number of microdrganisms rapidly increased during 
the first two days of fermentation. There were various bacteria and 
yeast-like organisms present, but by the end of the second day the 
flora was largely bacterial with Groups 1 and 3 (Table 2) predom- 
inating. The increase of bacteria was accompanied by some utiliza- 
tion of fermentable sugar but very little increase in titrable acid 
until after the high count was attained. At this point the bacteria 
quickly disappeared and the yeasts became prominent. No particular 
type of yeast seemed to predominate and the number increased to 
eight million by the fourth day with a concurrent disappearance of 
sugar. By the fifth day many bacteria appeared again, largely of 
Group 2. 
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The higher temperature of 36°C. showed a somewhat similar 
although more rapid series of changes. The fermentable sugar had 
almost disappeared by the end of one day’s fermentation and there 
were quite a number of yeasts present. Then the count suddenly 
dropped and bacteria appeared, accompanied by a few yeasts, and 
increased to enormous numbers by five days. At the same time the 


TABLE 1 


Results of Fermentation of Cacao Beans at Various Temperatures 





ROOM TEMPERATURE—-20 TO 25°C.(68 TO 77°F.) 

P " N/50 NaOH 

Organisms present Number of chin to Sugar 
organisms pH 10 ml. per ml. 


Bacteria Yeasts per ml. filtrate of filtrate 


| 
=| 
| pet. ml, mg. 
44 96,000 4.24 5.70 12.9 
30 21,700,000 4.04 6.60 10.3 
2 43,000,000 3.69 6.50 7.4 
1,940,000 3.52 21.05 1.3 
45 8,100,000 4.29 2.60 1.1 
9,200,000 5.00 0.80 0.7 
36°C.(96.8°F.) 
96,000 4.24 5.70 12.9 
34,000,000 3.76 14.50 | 2.5 
300,000 3.71 15.15 | 2. 
16,500,000 4.95 1.40 | 
70,000,000 6.52 1.00 
670,000,000 7.15 0.60 


0 
1 
2 
3 


of 


45°C.(113°F.) 

96,000 5.70 | 129 

30€ 00 3.50 | 125 

*G0,000 5.15 12.4 

48,500,000 3.45 | 7.8 

5,100,000 5. 2.60 3.6 

2,000,000 5.6 2.10 2.1 
titrable acid dropped and the pH rose to neutrality, indicating incipi- 
ent putrefaction. At 45°C. there was a noticeable difference from 
the other temperatures in that the organisms did not develop rapidly, 
and the yeasts seemed to predominate after the first day. Utilization 
of sugar was slow and there was very little acid formed at any time. 
In both the 36 and 45°C. fermentations, the predominant bacteria 
were of Group 2. The yeast types were well mixed throughout all 

the fermentations, with Groups 7 and 9 most common. 

Because present systems of classifying the white and yellow 
gram-negative rods are not, for the most part, based on constant 
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characteristics it is difficult to place these organisms satisfactorily. 
There was little evidence of natural dividing lines that would permit 
separation into species. The production of yellow pigment was also 
variable and there was a continuous gradation of organisms from 
those that were completely white to those that produced a definite 
yellow pigment. On the basis of the characters given (Table 2), 
however, an attempt has been made to divide the organisms into 
groups. A number of organisms that produced yellow pigment 
showed a similarity to the organism described in Bergey’s Manual 
of Determinative Bacteriology (1939) as Flavobacterium synthan- 
thum. The chief difference is that the yellow organisms isolated from 
cacao reduced nitrates to nitrites while Fl. synthanthum does not. 

Group 2 represents the largest number of organisms and is char- 
acterized by a tendency to form some acid in simple sugars and to 
form a little acid in litmus milk gradually going over to an alkaline 
reaction. Presumably these bacteria may be regarded as members of 
Achromobacter although they do not fit closely any of the species 
described in Bergey’s Manual. A small number of organisms were 
found that formed an acid curd in litmus milk; these have been 
placed in Group 3 and likewise should be classed as Achromobacter. 
Group 4 ineludes a few organisms that are similar to Group 1 in 


proteolytic activity but have no pigment. In many respects these 


organisms resemble members of the genus Proteus; however they do 
not form gas from dextrose and sucrose. In this connection it should 
be pointed out that action on litmus milk, gelatin, sugars, and nitrate 
reduction are subject to considerable variation with these organisms 
as in most of the common gram-negative rods, and it is difficult to 
accurately pigeonhole species on these characters. There is no evi- 
dence that the bacteria found on cacao beans are essentially different 
from those that may be found on other plant material. 

As all attempts to show spore formation by any of the yeast-like 
organisms resulted in failure, it is assumed that the typically oval 
or tear-shaped cells can be loosely classed as Torula. Many of the 
powdery white organisms had rectangular cells and a tendeney to 
form a mycelium under the surface of the agar. These characters 
indicate a relation to the yveast-like molds, such as Monilia and 
Odspora. The yeasts and yeast-like organisms have been grouped 
according to their saccharolytie ability on dextrose, sucrose, and lac- 
tose, and the typical morphology of each group is listed (Table 2). 

The color of the beans was a uniform brown in all three fermenta- 
tions; however the aroma varied considerably. This could be readily 
correlated with the acidity of the beans. The fermentations at room 
temperature yielded a final product which had a mild odor of acetic 
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acid. The beans fermented at 36°C. had only a very slightly acid 
odor, and there was little difference in flavor compared with those 
fermented at room temperature. Those fermented at 45°C. had a 
raw and slightly objectionable taste compared with commercial sam- 
ples. Washing of the fermented beans previous to drying had little 
effect on aroma, flavor, and color. When dry the beans had a good 
‘**break,’’ and the shell readily separated from the kernel. 


TABLE 3 


Dissimilation of Glucose by Microérganisms Isolated From Cacao Fermentation 


Products formed in millimols per 100 millimols sugar fermented 


BACTERIA 


| Non- : : 7 Sugar 
Culture Group CO. volatile | Acetic Ethyl Carbon Rann Days 
No. No. | os acid acid alcohol recovery | per ml. 


pet. 
83 — 43 
46 55 


io = 


36 


| m Ww bo 


YEASTS 


10 





11 
14 


MIXTURES 
Yeast 
+ 


Bacteria 


Yeast 
<f 
436 Bacteria 17 j 76 86 11.1 


Various strains of bacteria, yeasts, and mixtures of yeasts and 
bacteria were used for quantitative determinations of products re- 
sulting from the breakdown of glucose. Some typical results (Table 
4) show the relative inactivity of the bacteria toward glucose, since 
in all cases a very long fermentation period resulted in only a 
partial utilization of sugar. These cultures produced significant 
amounts of nonvolatile acid, presumably lactic, and some acetic acid. 
None formed CO, and one culture showed formation of considerable 
amounts of ethyl aleohol. The amount of carbon recovered indicates 
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that other compounds may have been formed for which no analysis 
was made, as one should be able to obtain products corresponding 
to 90 per cent of the carbon added as glucose. In the case of Cultures 
331 and 341, however, these values are not highly significant owing 
to the small amount of total sugar fermented. The yeasts, on the 
other hand, were much more active in sugar decomposition; and 
periods ranging from four to 18 days were allowed for fermentation, 
depending on the rate of conversion of glucose to simpler compounds. 
Smaller quantities of acetic and nonvolatile acids were also produced. 
The nonvolatile acids were calculated as succinic acid. When a bac- 
terial culture was added to a yeast there was some reduction in 
earbon dioxide production and a slight increase in fixed acids. 
Ethyl aleohol production was rather stable in all mixtures and on 
the whole the products approximated the amounts produced by yeast 
alone. It may be noted that the bacteria of Groups 1 and 2 and yeasts 
of Groups 6, 7, and 8 are the most active saeccharolytically. 
DISCUSSION AND CONCLUSION 

Perhaps the chief difficulty in interpreting these studies is the 
possibility that the period of refrigeration, during which the beans 
were being shipped to the laboratory, may have altered the flora of 
the pod and thus caused the inoculum to be abnormal. There are 
two factors, however, that tend to minimize this difficulty: first, in 
mixed fermentations of this type the composition of the substrate 
and external conditions of fermentation seem to exert a much greater 
effect than the inoculum; and second, at two of the temperatures 
used the fermented beans appeared to be of good quality and had 
no objectionable flavor or aroma. 

The chemical analyses conform fairly well to the results of other 
investigators and tend to substantiate the early work of Nicholls, al- 
though it is evident that the various stages are transitory rather 
than abrupt. The main fermentative activity is brought about by 
the yeasts. Pure cultures of these organisms possess the ability to 
form acetic acid as well as ethyl alcohol. Therefore it is quite prob- 
able that these organisms may be responsible for the first two stages 
of fermentation instead of the alcoholic stage only. It is interesting 
to note that no typical acetic acid bacteria were found. The pro- 
teolytic activity of the bacteria found would cause them to be a 
detrimental factor in the fermentation if allowed to proceed too far. 
Some activity on the part of bacteria may be important, however, 
in that it causes a disappearance of the high acetic acid content. 
High acidity in cacao beans is generally considered an unfavorable 
characteristic for commercial purposes. 





















MICROBIOLOGICAL STUDIES OF CACAO FERMENTATION 479 

























It is noteworthy that the final product was not materially differ- 
ent whether the fermentation was allowed to take place at room 
temperature or at 36°C. When raised to 45°C., however, there was 
an immediate effect on the activity of the flora and under-fermenta- 
tion was apparent. The fact that such a heterogeneous flora ean bring 
about a satisfactory fermentation is indicative that the type of or- 
ganism present may not be as important as the chemical composition 
and condition of the bean. This observation is borne out by the large 
number of different yeast types found by sther investigators. In 
fact the records available indicate that most investigators found a 
flora that differed to some extent from previous reports. It seems 
likely that the condition and type of bean and the physical en- 
vironment in which it is fermented are of greater importance in 
determining the final quality than the number and types of micro- 
drganisms that happen to be present. 
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Sucrose syrup is used in the frozen-food industry in the prep- 
aration of fruits for dessert purposes. Aside from its sweetening 
property this syrup has decided value in preserving the color, tex- 
ture, appearance, and general palatability of the product. Unfor- 
tunately large numbers of molds, yeasts, and bacteria, especially 
spore-forming species of this latter group, are capable of surviving 
long periods of exposure to low temperature in frozen, syrup-packed 
fruits. The influence of syrup, if any, on the retention of microbial 
viability has not been sufficiently investigated, but it is known that 
generally heavy sucrose syrup solutions have a protective action with 
regard to the longevity of yeast cells. It was for the purpose of 
obtaining more information concerning the influence of different 
concentrations of sucrose on the behavior of microérganisms at sub- 
freezing temperatures that the research reported here was under- 
taken. The research was limited to a study of the viability of a 
Saccharomyces species and Escherichia coli suspended in water and 
in sucrose solutions of different concentrations and stored at —10°C. 
(14°F.) and —20°C.(—4°F.). 

Keith (1913), investigating factors influencing the survival of 
bacteria at temperatures in the vicinity of the freezing point of 
water, wrote in his conclusions: ‘‘. .. the more watery food materials 
when frozen contain the fewest, and the least watery the most, living 
baeteria.’’ Vass (1919) froze Bacillus radicicola at —15°C.(5°F.) 
and at —190°C. (—310°F.) in test tubes containing 10 ec.c. of a 
nutrient solution with dextrose added in increasing amount from .01 
to 15 per cent. According to his observations, the concentration of 
the medium had no effect when the temperature was lowered below 
the eutectic point of the sugar, but at temperatures above the eutectic 
point the sugar showed a marked protective action. Neither Keith 
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nor Vass gave consideration to influences which might be exerted on 
microbial behavior by different hydrogen-ion concentrations at the 
temperatures investigated. McFarlane (1940) reported the redistri- 
bution of yeast cells, sucrose, and hydrogen ions in water frozen in 
still air at 20°C. and showed the similarity in the distribution 
patterns of these three substances in the same frozen mass. He ob- 
served that when approximately neutral suspensions were frozen the 
yeast cells tended to survive in greatest numbers in those areas of 
the ice mass which were highest in sucrose, but that this was not 
true in a frozen acidified medium in which the areas of high sucrose 
concentration were also areas of high hydrogen-ion concentration. 

The factors considered in the experiments which follow are the 
sucrose and hydrogen-ion concentrations of the media, the freezing 
and storage temperatures, and the storage intervals. Emphasis has 
been placed on long-time rather than short-time storage intervals 
because frozen products are often held in storage for months, and 
data are needed relative to mierobial behavior during months of 
storage. 

EXPERIMENTAL METIIODS 

A cold-tolerant yeast isolated by Berry (1934) from cider stored 
at 2.2°C.(28°F.) was grown five days on wort agar slants (reac- 
tion, pH 4.8) at 22°C.(71.6°F.). The cells were triply washed and 
resuspended in sterile distilled water and in 1, 5, 10, 15, 20, 30, and 
50 per cent sucrose solutions. The hydrogen-ion concentration was 
varied in three experiments: in one experiment the reaction was 
allowed to remain at that of the distilled water, pII 6.5; in another, 
the reaction was adjusted with dilute hydrochloric acid to approxi- 
mately pII 5; and in the third experiment all suspending media were 
adjusted to approximately pIT 3.7. These media were not buffered. 
Zach suspension was dispensed in 10-¢.¢. quantities in sterile pyrex 
tubes, 20 x 150 mm., and the tubes were stoppered tightly with sterile 
corks and arranged in racks. Half were frozen and stored in still air 
at —10°C, and half at —20°C, Wort agar plate counts were made 
on representative samples from each suspension immediately prior 
to freezing. After storage, plate counts were made weekly for the 
first month on samples of each suspension; thereafter, they were 
made less regularly. The samples for analysis were thawed in the 
refrigerator at 5°C.(41°F.), thoroughly mixed, suitable dilutions 
made, and one-¢.¢, portions plated in duplicate. The plates were in- 
cubated five days at 22°C. 


The experiments which were set up with Escherichia coli were 


essentially like those using the Saccharomyces species except that the 
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E. coli were grown on nutrient agar slants and resuspended in the 
different media without washing. 

Ninety-six experimental conditions were studied. In presentation 
of the data the terms ‘‘kill,’’ ‘‘death,’’ and ‘‘destruction’’ refer to 
those veast and bacterial cells incapable of colony formation on the 
plating media used. Only those cells which formed colonies were 
considered viable. Per cent of kills rather than actual numbers 
killed is given to simplify comparison. It is, of course, understood 
that the heaviness of the original suspension might influence the 
rate of kill for a given set of experimental conditions and that the 
actual number of organisms surviving might be of greater signifi- 


cance than the percentage indicates, 


SACCHAROMYCES SPECIES 

Media Reaction, pH 6.5: Yeast-cell suspensions in the eight dif- 
ferent media ranged from 550,000 to 695,000 viable cells per cubie 
centimeter. Yeast-cell behavior in each medium as revealed by plate 
counts made over a 28-week period is expressed in graph form (Figs. 
1 and 2). 

The relative values of the yeast-cell destruction in the different 
sucrose media did not vary inversely as the concentrations of the 
sucrose. This fact was true whether comparisons were made of the 
per cent of kills in samples at 10°C. or in samples at —-20°C, 
As the storage period lengthened it became obvious that greater 
destruetion was taking place in some of the media containing inter- 
mediate concentrations of suerose. If destruction in media at -—-10°C,. 
is considered first, it may be seen (Fig. 1) that at the termination 
of 28 weeks, 98 to 99.9 per cent of kills had occurred in the 5, 10, 15, 
and 20 per cent sucrose media. As a matter of faet, 99 per cent of 
kills was first recorded at 20 weeks in the 10, 15, and 20 per eent 
suerose media, Slightly less destruction took place in the five per 
cent suerose than in the other three media during the latter weeks of 
storage. At the 28th week 86.7 per cent of the yeast cells was de- 


stroyed in the 30 per cent sucrose medium; 77 per cent in the one 


per cent sucrose medium; 68.2 per cent in distilled water; and 30.8 
per cent in the 50 per cent sucrose medium. 

When comparisons are made at —-20°C, (Fig. 2) about the same 
general relationships are found at the 28th week with regard to the 
decrease in yeast-cell viability; i.e., greatest kills occurred in the 5, 
10, 15, and 20 per cent sucrose media, 86.7, 86.3, 85.8, and 79.6 per 
cent kills, respectively. In the remaining four media, 70.9 per cent 
of the yeast cells was destroyed in distilled water; 68.6 per cent in 
one per cent sucrose medium; 56.5 per cent in 30 per cent sucrose 
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medium ; and 30 per cent in 50 per cent sucrose medium. The curve 
for the five per cent sucrose medium was not included (Fig. 2) since 
the changes in viability throughout the 28-week period corresponded 
closely to those changes which took place in 10 per cent sucrose. 
Generally, destruction was greatest during the first weeks of 
storage in those samples of a given medium which were frozen and 
stored at —20°C., but continued storage indicated that the rate of 
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Fic. 1. Yeast-cell destruction in water and in sucrose solutions, pH 6.5, at 


—10°C.(14°F.). 


destruction slowed down more at —20°C. than at —10°C. in all the 
media except in distilled water and in 50 per cent sucrose. It was 
not determined whether or not one of the temperatures might have 
become more detrimental beyond the 28 weeks for yeast cells sus- 
pended in these two media. 

Media Reaction, pH 5: In this experiment yeast-cell suspensions 
ranged in the different media from 400,000 to 535,000 viable cells 
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per cubie centimeter. Wort agar plate counts for the Ist, 8th, 20th, 
and 28th weeks of storage at —10°C. and —20°C. are recorded 
(Table 1). 

In this experiment, as in the previous one, the relative values of 
the yeast-cell destruction in the different sucrose media, reaction 
pH 5, were not inversely proportional to the sucrose concentrations. 
At —10°C. greatest destruction occurred in 28 weeks in distilled 


ESN 








iad aaa aan, + . ] 
| 
9% 1 
_ 10 
- a7 
, | 
a 
70 —_—_ 20 
—_—_ 1 
60 { 
= ih 36% | 
. Pail 
BK 
2.50 | 
— 
YL 
e 
oe 
— 
40 
30 ON 50% 
20 
10 








nm 
or 


2 28 





10 15 20 
WEEKS STORAGE 


Fic. 2. Yeast-cell destruction in water and in suerose solutions, pH 6.5, at 
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water and in 15 and 20 per cent sucrose media, roughly 99 per cent 
in each. Ninety-nine per cent kills was first observed in tubes of 
distilled-water suspensions examined on the 20th week and in tubes 
of 15 and 20 per cent sucrose media examined on the 17th week. 
Destruction was not uniform in all the samples of a given medium, 
and an oceasional tube examined on a later date revealed less than 
99 per cent destruction. Considerably less destruction occurred in 
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tubes of 1, 5, and 30 per cent sucrose media (Table 1) and only 15.4 
per cent of the yeast cells were dead in the 50 per cent sucrose me- 
dium by the 28th week. 

At —20°C. the changes in viability occurring in the different 
media were in about the same order but in a lesser degree. Again 
the greatest destruction occurred in distilled water and in 15 and 20 
per cent sucrose media. The kills were especially high in the latter 
two media; however, 99 per cent kills was not observed in any of 
the samples examined during the 28 weeks. By far the fewest cells 
were destroyed in the 50 per cent sucrose medium (16.3 per cent). 

In samples examined on the 28th week yeast-cell destruction was 
greater at the lower temperature in one and in 50 per cent sucrose 
media, but since it had not been consistently so throughout the experi- 
ment, it is not possible without further investigation to state defi- 
nitely which temperature is the more detrimental for yeast cells 
frozen in these two media. The greatest immediate kills were almost 
always in samples of a given suspension frozen and stored at —20°C., 
but thereafter the rate of destruction seemed to slow down more at 
—20°C. than at —10°C., with the result that ultimately greater 
destruction took place at the higher temperature in all the media 
except in the one and 50 per cent sucrose media as noted above. 

Media Reaction, pH 3.7: Yeast-cell suspensions in the different 
media ranged from 370,000 to 500,000 viable cells per cubic centi- 
meter. At a reaction of pH 3.7, 99 per cent of kills occurred in many 
of the frozen suspensions long before the termination of the experi- 
ment; for example, 99 per cent kills was first observed in samples 
stored at —10°C. and at —20°C. as follows: 








—10°C. —20°C, 

NE WI vse cciscsveccevesvorecsices 15 weeks — 

1 per Cent SUCTOSE.........0....cc000 2 weeks 15 weeks 

5 per cent sucrose.................00+ 2 weeks 6 weeks 
10 per cent sucrose 3 weeks 6 weeks 
15 per cent sucrose ; 6 weeks 15 weeks 
20 per cent sucrose *.............0000+ 15 weeks 20 weeks 
30 per cent sucrose.................0006 8 weeks —— 
50 per cent SUCTOSE.............0..0000 17 weeks “= 


There were 99 per cent kills in all suspending media at —10°C. 
before the 28th week and in all media at —20°C. except distilled 
water, 30 per cent sucrose, and 50 per cent sucrose, as indicated 
above by a dash (—). The kills in these media on the 28th week 
were 93.2, 98.5, and 70 per cent, respectively. 

*The plate count before freezing on the suspension in 20 per cent sucrose was 


not obtained and the above figures relative to the time of 99 per cent kill are only 
upproximate, 





488 VERNON H. MC FARLANE 


The results in this experiment offer considerable contrast to those 
obtained in the two previous experiments—for instance, (1) destrue- 
tion of the yeast cells was rapid in all the media and at both tem- 
peratures; (2) greater destruction of yeast cells tended to occur in 
those samples of a given medium stored at the higher temperatures; 
and (3) the comparative kills in the different sucrose media stored 
for long intervals of time at a given temperature tended to vary 
inversely as the concentrations of sucrose, i.e., the lower the sucrose 
content in a medium the greater the kill in that medium. 


ESCHERICHIA COLI 

Media Reaction, pH 6.5: Fifteen to 20 million viable bacteria 
per cubic centimeter were suspended in each of the eight suspending 
media. Nutrient agar plate counts were made on the stored, tubed 
samples over a 20-week period. A decrease in the plate count did 
not occur in all the media the first week and in samples in which 
it did oceur it was usually slight, presumably because the suspen- 
sions were heavy. In some samples the counts at the end of the 
week exceeded the original counts on the unfrozen suspensions, indi- 
eating cell clumping in the original suspensions or errors in sam- 
pling. Greatest destruction occurred in distilled water and in one 
per cent sucrose medium at —10°C., 68.5 and 63.3 per cent kills, 
respectively, as compared with 34 and 49.8 per cent kills at —20°C. 
Greater kills oceurred in 5, 10, and 15 per cent sucrose media at 
—20°C., 50.3, 54, and 26.6 per cent kills, respectively, as compared 
with 21.7, 30.8, and 21.8 per cent kills at —10°C. There was no 
appreciable decrease in viability of the bacteria in the 20, 30, and 
50 per cent sucrose media whether stored at —10°C. or at —20°C. 
A recheck experiment was set up with about one-fifth the number 
of viable cells and it was continued 15 weeks. In this experiment 
greater kills tended to occur in samples of a given medium stored 
at —10°C. The time intervals in these two experiments, media reac- 
tion, pH 6.5, were not sufficiently long to determine at a given 
temperature the relative values of the different sucrose media in 
destroying or maintaining the viability of E. coli. 

Media Reaction, pH 5: Two to two and a half million viable 
bacteria per cubic centimeter were suspended in each of the eight 
media. Plate counts were made on stored, tubed samples over a 
32-week period, and the data recorded (Table 1). 

The destruction of FE. coli in the sucrose media pH 5 did not 
tend to vary inversely as the concentration of the sucrose. At 
—10°C. the bacteria died out very rapidly in all eight media, espe- 
cially in water and in one per cent sucrose medium. Ninety-nine 
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per cent kills was attained in these two media by the first and sixth 
weeks, respectively. Destruction in five per cent sucrose medium 
lagged behind destruction in the 10 and 15 per cent sucrose media. 
Ninety-nine per cent kills was recorded in these latter two by the 
20th week. By the 32nd week 99 per cent kills had occurred in all 
media at —10°C. 

Destruction was slower at —20°C. than at —10°C., although the 
difference was not so obvious in distilled water since 99 per cent of 
the organisms in this medium were dead by the third week. By the 
eighth week the trend at —20°C. was about the same in the 5, 10, 
15, 20, 30, and 50 per cent sucrose media. From the eighth week 
the relative values of these same media began to change. By the 
32nd week greater kills had occurred in one and in 10 per cent 
sucrose media than in the five per cent sucrose. Under the conditions 
of this experiment fewer cells died in 30 per cent sucrose than in 
any of the other media, but it is impossible to say whether or not 
this would always occur. 

After the second week E. coli destruction was consistently greater 
at —10°C. than at —20°C. in all media except in 50 per cent sucrose. 
In this medium destruction did not become consistently greater at 
the higher temperature until after the eighth week. 

Media Reaction, pH 3.6: The E. coli suspensions in the different 
media ranged from one and a half to two and a half million cells 
per cubie centimeter. The results obtained from a 32-week study 
compare favorably with those obtained with yeast cells under similar 
experimental conditions, i.e., (1) destruction of the bacteria was 
rapid in all the media and at both temperatures; (2) greater de- 
struction of organisms tended to occur in those samples of a given 
medium stored at the higher temperature; and (3) the comparative 
kills in the sucrose media after long intervals of storage at a given 
temperature tended to vary inversely as the concentration of the 
sucrose. 

At —10°C. 99 per cent kills was recorded in distilled water and 
in one and five per cent sucrose media the first week. It is probable 
that 99 per cent kills occurred in these media before one week. 
Ninety-nine per cent kills was recorded in tubes of 10 per cent 
sucrose the fourth week; in 15 per cent sucrose the eighth week; in 
20 per cent sucrose the 16th week; in 30 per cent sucrose the 20th 
week; and in 50 per cent sucrose the 31st week. 

Destruction was much slower in most of the media at —20°C., but 
even so 99 per cent kills was recorded in distilled water the first 
week and in one per cent sucrose the second week. They were re- 
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corded in five per cent sucrose the 20th week; in 10 per cent sucrose 
the 3lst week; and in 15 per cent sucrose the 32nd week. Approxi- 
mately 98 per cent of the bacteria was killed in 32 weeks in 20 
per cent sucrose medium; 86 per cent in 30 per cent sucrose; and 
54 per cent in 50 per cent sucrose. The counts made on the 15 and 
20 per cent sucrose samples at —20°C. the 32nd week were low 
compared with recheck counts made on composite samples a week 
later, so it is probable that the relative kills in these two media 


€ 


on the 32nd week should be lower than the values given. 


DISCUSSION 

Findings with regard to the greater destruction of microbial forms 
at —10°C. than at —20°C. compare favorably with those reported by 
Campbell (1932) and Haines (1934, 1938). The relative values of 
different concentrations of sucrose in hastening or retarding micro- 
bial destruction were shown to vary according to hydrogen-ion 
concentration, storage temperature, period of storage, and nature of 
the suspended microérganism. 


Decrease in yeast-cell viability did not vary direetly as the hydro- 
gen-ion concentration in every medium, even though other factors 
were the same. It varied as the hydrogen-ion concentration in dis- 
tilled water and in 15 and 20 per cent sucrose media but in these 
latter two media only when comparisons were made at —20°C. A 
reaction of pH 5 was better than a reaction of pH 6.5 for the preser- 
vation of viability in all suerose suspending media at —10°C. and 
also in all sucrose suspending media except 15 and 20 per cent 
sucrose at —20°C. A reaction of pII 3.7 was destructive to yeast 
cells in all media investigated at —10°C. and at —20°C. Greater 
kills generally occurred after prolonged storage in those samples of 
a given medium at the higher temperature, but in distilled water 
at pH 6.5, a slightly higher percentage of yeast cells survived 28 
weeks’ freezing storage at —10°C. than at —20°C. The same was 
true in one per cent sucrose, pH 5; also in five per cent sucrose, pH 5, 
for 27 weeks. 

It is not possible to make direct comparisons between the three 
experiments using EF. coli since the suspensions used for the pH 6.5 
experiment were about five times as heavy as those used at pH 5 
and pH 3.6, and since the periods of study were not of the same 
duration. Two generalizations may be made, however, from these 
experiments: (1) greatest destruction of cells tended to take place 
in samples of a given medium having the lowest pH, and (2) with 


few exceptions the greater destruction tended to take place in sam- 
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ples stored at the higher temperature, i.e., when temperature was the 
only variable. 

Long storage periods, occasionally several months, were necessary 
to bring out some contrasts in microbial behavior in samples of the 
same medium held at different temperatures and likewise in samples 
of different media held at the same temperature. 


SUMMARY 

Cells of a cold-tolerant Saccharomyces species and of Escherichia 
coli were suspended in distilled water and in 1, 5, 10, 15, 20, 30, 
and 50 per cent sucrose solutions. In three series of experiments 
these media were adjusted to pH 6.5, 5, and 3.6 to 3.7. The sus- 
pensions were dispensed in 10-¢.c. quantities in sterile pyrex test 
tubes. The tubes were stoppered with sterile corks; half were stored 
at —10°C. in still air and half at —20°C. The number of viable 
microbial cells surviving different storage intervals in each frozen 
suspension was determined by plate count. 

After several weeks’ storage at —10°C. or at —20°C. the num- 
ber of viable microédrganisms in the different sucrose media of a 
given pH series did not always vary as the concentrations of sucrose 
except when the hydrogen-ion concentration of the series was low 
(pH 3.6 to 3.7). When the series of sucrose media possessed a 
reaction, pH 6.5 or 5, there were fewer viable yeast cells after sev- 
eral weeks’ storage in some of the intermediate concentrations of 
sucrose. The same observation was made with regard to the survival 
of E. coli in sucrose media of pH 5. Higher concentrations of sucrose, 
30 and 50 per cent, tended to retard destruction of the two micro- 
érganisms. There was less destruction of yeast cells in distilled water 
after long storage periods than in some of the lower concentrations 
of suerose, especially at —20°C. On the other hand, greater destruc- 
tion of E.coli tended to take place in distilled water than in any of 
the sucrose concentrations tested. 

When the hydrogen-ion concentration was the only variable, a 
reaction of pH 6.5 was found to be more favorable than a reaction 
of pH 5 for hastening the destruction of yeast cells in some of the 
sucrose media; but in the ease of EF. coli the experimental evidence 
indicated greater destruction oceurred in those samples which pos- 
sessed the greater hydrogen-ion concentration. Of the conditions 
investigated the most destructive for both microérganisms was pH 
3.6 to 3.7. 


When temperature was the only variable, greater kills, after 
several weeks’ storage, tended to occur at —10°C. than at —20°C. 
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POTENTIAL SOURCES OF ERROR IN SAMPLING 


LELA E. BOOHER, ELIZABETH M. HEWSTON, 
AND ROSEMARY LOUGHLIN MARSH 


Bureau of Home Economics, U. 8. Department of Agriculture, 
Washington, D. C. 


(Received for publication, November 25, 1940) 


Biological assays conducted in this laboratory during the past 
two years on a wide variety of foods commonly used in human 
dietaries have frequently indicated a much higher vitamin A value 
for the cooked than for the raw product. These differences in vita- 
min A values between raw and cooked foods were especially pro- 
nounced in the case of green snap beans and leafy green vegetables 
and were often as great as 50 per cent or more. 

Data are presented here which show that vitamin A values of 
green snap beans and of leafy green vegetables in general, as ordi- 
narily determined by biological assays (rat-growth method) of the 
raw products, are not true values. By suitable preparation and han- 
dling of the samples, however, the biological method of assay can be 
made to yield, within the limits of experimental error, the same 
vitamin A values for green snap beans and leafy green vegetables 
as the best chemical methods. 

The relation of the results recorded here to work reported in 
earlier literature is discussed later in this article. 


EXPERIMENTAL PROCEDURE 

The biological assay values for 10 different vegetables before and 
after cooking (Table 1) were obtained by techniques following in all 
essential details the techniques set forth in the U. S. Pharmacopoeia 
XI method for biological assay of vitamin A. From 50 to 100 grams 
of each vegetable represented (Table 1) were finely chopped and 
mixed before weighing the portions used as vitamin A supplements. 
In the ease of cooked products the chopping and mixing of the sam- 
ples were done subsequent to cooking. All supplements (vegetable 
as well as U.S.P. reference cod-liver oil) were fed three times a 
week. Except for the green peas and spinach, which were commer- 
cially frozen products, the green-pigmented vegetables used for assay 
were purchased from local retail markets two or three times weekly 
for the period of the respective assays. The green peas and spinach 
were sampled from successive one-pound packages of the frozen 
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products. Cooking of these frozen vegetables was begun without pre- 
liminary thawing. In sampling the carrots and sweet potatoes a 
separate root or tuber was used for the supplements fed on any 
given day. The vitamin A assays of the raw and cooked products 
were made on samples taken from identical lots of vegetables. 

For purposes of comparison the vitamin A values for fresh kale, 
commercially frozen spinach, and commercially frozen green peas, 
as determined by chromatographic separation of the carotenoid pig- 
ments followed by spectrophotometric estimation’ of the carotene, 


TABLE 1 
Effect of Method of Preparation and Handling of Samples on Vitamin A Values 
Obtained for Green- and Yeilow-Pigmented Vegetables 


Vitamin A values’ as determined by 


| Chemical 


Kind of vegetable Biological assays of — 
Raw | Cooked ? “Uncooked 
vegetable | vegetable vegetable 
Green pigmented: 
Beans (Phaseolus spp.) green, Snap... eee 1,200 | an meer 
Cabbage (Brassica spp.) headed, medium green. <100 i a ern 
Collards (Brassica oleracea acephala).................. 8,800 | a re 
Kale (Brassica oleracea acephala).............::00ec02 10,500 14,000 14,580 
Lettuce (Lactuca sativa) head, Iceberg................ 200 RR Ree 
Peas (Pisum spp.) frozen, green’............c.cseee00- 750 650 620 
Spinach (Spinacia oleracea) frozen’................00065 4,100 ea 10,000 8,500 
Turnip (Brassica rapa) ZreenG............0..cccsesrccseees 16,000 a cree 
Yellow pigmented: 
Carrots (Daneus Cavota ) .....cccssorcoscscosesessorovsosessossos 10,700 an oren 
Sweet potatoes (Ipomoea batatas) Naney Hall... 3,800 | a rr 








1 All values are expressed as International Units per 100 grams vaw-weight basis. 
2The green vegetables were cooked for two minutes, the carrots for four minutes, and the 
sweet potatoes for six to eight minutes at 120°C.(248°F.). *A commercially frozen product, 
stored in frozen condition; samples taken for biological assays as needed. 
are included (Table 1). The carotene analyses were made on the 
uncooked vegetables and the vitamin A values computed on the basis: 
.6 microgram of B-carotene = one International Unit of vitamin A 
value. 

In preparing the vegetables for the chemical analyses, samples 
were finely cut and dropped immediately into absolute ethanol and 
allowed to stand in this extraction medium for at least 24 hours 
before proceeding with further steps in the analysis. The final con- 
centration of ethanol was adjusted to 90 per cent (by volume), a 





* We are indebted to C. A. Cary, L. A. Shinn, E. A. Kane, and H. G. Wiseman, 
Bureau of Dairy Industry, U. S. Department of Agriculture, for these chemical 
analyses. 
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correction being made for the moisture content of the sample. The 
kale, used for chemical analysis, represented only one sample of the 
several lots included in the biological assay. In the ease of the 
frozen peas and spinach the samples analyzed consisted of equal 
weights taken from each pound package represented in the biological 
assays of the respective vegetable. 

A biological assay of fresh raw kale that had been finely ground 
with a mortar and pestle, preliminary to being fed as a vitamin A 
supplement, indicated a negligible retention of the original vitamin 
A activity of the kale. Barring complications of any other factors, 
increasing the fineness of subdivision of the kale would have been 
expected to favor rather than impair the utilization of the carotene. 


TABLE 2 
Average Growth Rates by Weeks for Groups of Vitamin A Assay Rats Receiving 
10 Milligrams (Fresh-Weight Basis) Daily of Cooked and of Alcohol 

















} Wamber } Average growth rate by weeks 
Supplement | of — + 
| rats 1 | 2 | 3 | 4 | Average 
| gm. gm. gm. gm. | gm. a.d. 
i iaicisticsnccseseacnn arenes 7 10.9 14.1 | 12.6 9.4 11.8 + 1.6 
7 10.7 13.6 | 13.4 | 11.7 | 


Aleohol acetone-treated kale.. 


12.3 + 1.1 











It appeared, therefore, that some factor other than relative avail- 
ability of the carotene was responsible for the loss of vitamin A 
activity. 

In another experiment individuals in two groups of carefully 
matched vitamin A assay rats were given 10 milligrams (fresh- 
weight basis) daily of cooked and of acetone ethanol-treated kale, 
respectively, over a period of four weeks. The acetone ethanol- 
treated kale was prepared as follows: Five grams of raw kale were 
eut into fine pieces and dropped immediately into a mixture of 
75 ml. of absolute ethanol and 75 ml. of acetone and allowed to 
stand for 24 hours. The entire mixture was poured onto five grams 
of vitamin A-free casein and the solvents were evaporated in a 
stream of nitrogen. The resulting product was then finely ground 
and fed as supplements to vitamin A-assay rats in quantities corre- 
sponding to 10 milligrams of the fresh untreated kale. The aver- 
age weekly growth rates of these two groups were almost identical 
(Table 2). It is apparent, therefore, that ordinary cooking or a 
24-hour treatment of kale with the mixture of acetone and absolute 
ethanol destroyed the factor which was responsible for the partial 
destruction of the carotene in the raw product. 
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In 1928, R. Bohn and L. W. Haas discovered an enzyme in leg- 
umes and particularly in soybeans that was capable of catalyzing 
the oxidation of carotene and unsaturated fats. This discovery was 
patented and the patent was assigned to the J. R. Short Milling 
Company of Chicago for use in connection with the bleaching of 
white flour. 

During the course of the work reported here Sumner and Dounce 
(1939), Sumner and Sumner (1940), and Tauber (1940) described 
further properties of this enzyme. It was reported to be an aerobic 
oxidase capable of peroxidizing unsaturated fats and of bleaching 
carotene, bixin, xanthophyll, and other carotenoids. The simultane- 
ous presence of a small amount of unsaturated fat was reported to 
be essential in order that this enzyme might bleach the carotenoid 
pigments mentioned. In the light of this observation the bleaching 
of the carotenoids is believed to be preceded by preliminary oxida- 
tion (probably with formation of peroxides), of the unsaturated fat 
which, in turn, results in oxidation of the carotenoids. 

In the present investigation aqueous extracts of raw kale were 
observed to decolorize catalytically solutions of carotene in cotton- 
seed oil. No attempt was made to carry this investigation further. 


DISCUSSION 

The presence of an enzyme in the raw green leaves and green 
snap beans which is capable of catalyzing the oxidation of B-carotene 
furnishes a plausible explanation of the low vitamin A values ob- 
tained for these untreated vegetables. It is possible that this enzyme 
is identical with the one termed ‘‘carotene oxidase’’ or ‘‘ unsaturated 
fat oxidase’’ by earlier investigators, although conclusive evidence 
to this effect is not available. 

Thorough maceration or at least very fine chopping of green 
snap beans and green leafy vegetables is necessary for adequate 
sampling of such products because of their inhomogeneity. The in- 
creased surface exposure resulting therefrom would undoubtedly 
promote the destruction of carotene by an aerobic oxidase. This 
is the probable explanation of the observation, reported here, that 
reducing the raw kale to an unusually fine state of subdivision yielded 
an absurdly low vitamin A value for this otherwise untreated product. 

In connection with the chemical method of determining the earo- 
tene content of plant tissues (chromatographic fractionation of the 
carotenoids followed by spectrophotometric estimation of the vitamin 
A-active carotenes), analysts in general have been very careful to 
avoid unnecessary exposure of the cut or macerated tissue to oxi- 
dative changes preceding the extraction of the carotene. Ethanol, or 
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acetone, solvents commonly used for the extraction of carotene from 
plant tissues definitely retards the destruction of this pigment. Wise- 
man, Kane, Shinn, and Cary (1938) describe rigid techniques for 
the control of this potential factor of interference in the chemical 
method of analysis of carotene in plant tissues. 

In deseribing a colorimetric method of analysis for carotene in 
Low’s Champion green beans and in Golden Bantam corn, Zimmer- 
man, Tressler, and Maynard (1940) also report that the enzyme in 
the former product responsible for the catalytic oxidation of the 
carotene during extraction of the pigments with acetone could be 
eliminated by (1) heating the triturated samples in the presence of 
acetone, (2) allowing the blanched (scalded) samples to stand in 
acetone for 48 hours, or (3) extracting the beans repeatedly with 
fresh portions of acetone until free from color. 

Precautions comparable to those used in in vitro analyses of the 
carotene in plant tissues have not generally been observed in han- 
dling samples of plant tissues used in biological assays of vitamin 
A values. As a result, vitamin A values determined for untreated 
plant tissues, especially raw green pods and leaves, by the usual 
techniques employed in biological assays are more or less fortuitous 
values. 

As shown (Table 1), frozen green peas, fresh carrots, and sweet 
potatoes, respectively, yielded the same vitamin A values in the raw 
and cooked states. Presumably the enzyme which catalyzes the de- 
struction of carotene in green snap beans and green leaves is either 
absent in sweet potatoes and carrots or at least inactive under the 
conditions of the present experiments. It would appear that green 
peas either do not contain an enzyme capable of catalyzing the oxida- 
tion of carotene or that the blanching preliminary to commercial 
quick-freezing of this vegetable destroys the enzyme. Presumably the 
blanching of the spinach preliminary to commercial freezing was 
inadequate either in time or temperature, or both, to inactivate the 
enzyme. 


SUMMARY 


Experimental evidence has been presented indicating that vitamin 


A values obtained by biological assays (rat-growth method) of many 
raw plant tissues may be vitiated, unless precautions are first taken 
to inactivate any enzymes present that are capable of catalyzing the 
oxidation of carotene. 

Preliminary cooking or treatment of the uneooked plant tissue 
with a mixture of acetone and absolute ethanol renders the biological 
assay values determined for these products fully in aceord (within 
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the limits of experimental error) with vitamin A values determined 
by the best chemical methods. 

In contrast to green snap beans and leafy green vegetables, the 
vitamin A values of carrots and sweet potatoes, as determined by 
biological assays, were unaffected by cooking. Presumably, therefore, 
these root vegetables do not contain appreciable amounts of any en- 
zyme capable of catalyzing the oxidation of carotene, or this enzyme 
was not active under the conditions of these experiments. 
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IDENTIFICATION OF CALCIUM PECTATE AS THE TISSUE- 
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In 1937 the observation was made at this Experiment Station by 
Kertesz (1939a) that soluble calcium salts have a hardening effect 
on most plant tissues. Subsequent research by Kertesz (1939b) and 
Kertesz, Tolman, Loconti, and Ruyle (1940) developed a method 
for the treatment of tomatoes prior to canning or in the can with 
ealeium chloride. This treatment gives rise to a firmer tomato which 
is not easily damaged by heat during processing or by handling in 
transportation. Recent regulations of the Food and Drug Adminis- 
tration, Federal Register (1940), permit the use of this method in 
the commercial packing of canned whole tomatoes. 

Of both theoretical interest and possible future practical im- 
portance is knowledge of the specific reaction or reactions which 
occur in the tomatoes to cause the hardening effect. The essential 
reaction was from the first believed to be the formation of a calcium 
pectate * in the tissue by interaction of the calcium ions with pectic 
acid, which in turn supported the tomatoes against softening and 
disintegration. Evidence confirming this view is presented herewith. 


EXPERIMENTAL PROCEDURE 


There are a number of observations in the literature concerning 
the solubilities of various pectic compounds in water, but there was 
no suitable method available for the quantitative determination of 
ealeium pectate in the presence of pectin and pectic acid. In addi- 
tion to evolving such a method, a procedure based on the selective 
digestion of pectic materials by enzymes was also worked out and 
applied to the present problem. 





‘Approved by the director of the New York State Agricultural Experiment 
Station as Journal Article No. 410. Some of this material has been submitted 
by one of the authors (JDL) in partial fulfillment of the requirements for the 
degree of Master of Science in Chemistry to the Graduate School of Cornell 
University. 

*American Can Company Research Fellow. 

’The nomenclature adopted for the pectic materials by the American Chemical 
Society (Committee on the Nomenclature of Pectin, Am. Chem. Soe., 1927) is 
used throughout this report. 
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1. Selective Enzyme Digestion of Pectic Materials: It was ob- 
served in preliminary experiments that calcium pectate was not 
digested by the commercial pectinase used in this laboratory.* Based 
on this fact experiments were conducted to establish the actual 
extent of digestion of the various pectic materials which may be 
accomplished by the use of the pectinase. Samples of pectin, pectic 
acid, and calcium pectate were suspended in 200 ml. of water to- 
gether with .2 gram of the pectinase preparation. The digestion was 
allowed to proceed in the presence of toluol at 30°C.(86°F.) for 
seven days. At the end of that period a second .2-gram quantity 
of the enzyme was added and the digestion continued for two days 
more. The mixtures were then filtered and the residual quantity of 
pectic material was determired in the filtrate as well as in the ma- 


TABLE 1 
Extent of Enzyme Digestion of Pectic Materials 


Pectic substance 
(as calcium pectate) 





Weight a Extent 
Material used of «dered of 
sample ° sa Int the digestion 
| digestion | residue 
| mixture | 
mg. mag. mg. pet. 
CN RIE ovis cc vesencccenniccccontwauseserwennnevees 215 0 | 181.1 15.8 
UR i aii rs oduct idee Secaabeuaniaeraeonel 470 0 4.4 99.1 
INI I cas scacoeansva a ntasecuncataciecsauebntuavcbanenne 470 0 17.1 96.2 


terial remaining on the filter paper. In the case of the pectin and 
pectic acid the residues were easily dissolved in dilute alkali and 
were used for the determination of residual pectic materials as eal- 
cium pectate. In the case of calcium pectate the residue was sus- 
pended in 250 ml. of .05 N hydrochlori¢ acid for 48 hours. This acid 
treatment converts the calcium pectate to peetic acid which is soluble 
in dilute alkali. The acid treatment also inactivates the enzyme. The 
newly formed pectic acid was filtered off and dissolved in 250 ml. 
of .05 N alkali and used for the determination of the pectic acid as 
calcium pectate. The Poore (1926) modification of the Carre-Haynes 
method (1922) was used throughout this work. 

The results show that pectin and pectic acid are almost com- 
pletely decomposed while the bulk of the calcium pectate remains 
after the digestion (Table 1). By applying this procedure to both 
untreated and calcium chloride-treated tomatoes the enzyme would 


‘This commercial pectinase is manufactured by the Rohm and Haas Company 
of Bristol, Pennsylvania. 
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remove all the pectin and pectic acid leaving behind only the calcium 
pectate which can be easily determined in the above manner or by 
dissolving it in a solution of ammonium citrate. The difference be- 
tween the two values will be the quantity of caleium pectate formed 


by the treatment of the tomatoes with calcium chloride. 

2. Solubility of Pectic Materials in Sodium Hydroxide: Caleium 
peectate suspended in dilute sodium hydroxide appears to remain 
undissolved. On the other hand, pectin and pectie acid are easily 
and completely dissolved by alkali. This offers another approach to 
the identification of the calcium pectate content of the various canned 
tomato samples. In order to establish the solubility of calcium pec- 
tate in sodium hydroxide, 430 mg. of freshly precipitated caleium 


TABLE 2 
Results of Repeated Extraction of Calcium Pectate 
With Sodium Hydroxide 


Proportion of original 
material dissolved | Calcium 


Duration - content * 


Extraction Normality 


No. - ; of Pectin of 
alkali |} extraction (as caleinm Calcium residue 
| pectate) 
hr. pet. pet. pet. 
| 
1 05 4 0.0 13.5 = 
2 05 | 18 3.0 29.3 7.3 
3 10 24 8.9 29.8 4.7 
4 10 72 83.1 27.4 


1 Original calcium content of calcium pectate was 8.3 per cent. 


pectate was extracted four times with 250 ml. of dilute alkali, both 
the extraction period and the concentration of the alkali being varied. 
After each extraction a sample of the undissolved residue was an- 
alyzed for ealeium. The extracting liquid was also analyzed for 
calcium and calcium pectate. 

It appears from the data (Table 2) that using dilute sodium 
hydroxide and a short extraction period, none of the pectie material 
is dissolved, although 13.5 per cent of the calcium is removed. <As 
both the extraction time and the strength of alkali increase, more of 
the calcium is removed and the caleium pectate gradually goes into 
solution. At the end of the third extraction the calcium content of 
the insoluble residue was 4.7 per cent. When this was extracted a 
fourth time, more of the calcium was removed causing all of the 
residue to go into solution. Apparently the threshold of caleium 
content required to make calcium pectate insoluble lies somewhere 
around 4.7 per cent. 
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On the basis of the solubility of caleium pectate in alkali the 
following procedure was outlined for identifying this compound in 
tomato tissue: 

(a) Extraction of ecalcium-treated and untreated tomatoes with 
.05 N sodium hydroxide for a short period in order to remove all 
pectin and pectic acid. (b) Suspension of the residue in dilute acid 
to convert the calcium pectate to pectic acid. (c) Extraction of the 
newly formed pectic acid from the residue with dilute alkali and 
determination of caleium pectate in this second alkaline extract. The 
difference in the ecalcium-pectate content of the treated and un- 
treated tomatoes will give the amount of calcium pectate formed 
by the calecium-chloride treatment. 

It may be noted that it appears most probable that the proto- 
pectin present in the tomato tissues would not be hydrolyzed or 
dissolved by the treatment described above. 


DETERMINATIONS ON TOMATOES 


In the following experiments both whole tomatoes and the outer 
walls separately were used for analysis. Preparation A was made 
from canned tomatoes which hac not been treated with calcium 
chloride. Preparation B was prepared from a mixture of canned 
tomatoes some of which were immersed in 2.5-per cent calcium 
chloride for five minutes before packing and the rest canned with 
the addition of .08 per cent calcium chloride to the can. The toma- 
toes were removed from the cans, drained, and then immersed in 
70-per cent aleohol for one hour in order to harden the tissue. The 
outer walls of the tomatoes were then separated and beaten to a 
pulp with a mechanical stirrer and passed through a 16-mesh sieve. 
The samples, each weighing 2,150 grams, contained .007 (A) and 
.022 (B) per cent of calcium, respectively. They were next extracted 
five times with four-liter portions of 60-per cent aleohol to remove 
soluble caleium salts and other alcohol-soluble substances. Each ex- 
traction was allowed to continue for 48 hours. The extracted residues 
were immersed in 95 per cent alcohol, filtered off, and dried at room 
temperature. The weight and pectin and ecaleium contents of these 
preparations are given (Table 3). 

The greater pectin content of Preparation B can be explained 
by the fact that some of it has been bound by the caleium, whereas 
in A, which was prepared from tomatoes not treated with caleium 
chloride, some of the pectin was dissolved out by the tomato juice 
and lost. A similar higher pectin content has been observed in all 
preparations made in this manner. 
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The second pair of preparations was made from whole tomatoes 
instead of just the walls. Preparation C consisted of untreated 
canned tomatoes, while D was obtained from tomatoes to which .08 
per cent of calcium chloride was added at the time of canning. The 
samples, each consisting of 2,150 grams of drained tomatoes, were 
extracted four times with 1,000-ml. volumes of 50-per cent alcohol 
at 40 to 50°C. (104 to 122°F.), each extraction continuing for 24 
to 48 hours. The insoluble residues were suspended in water and 
used for the following experiments without drying. 

1. Digestion of Tomato Preparations With Pectic Enzymes: Sam- 
ples weighing two grams each of Preparations A and B were sus- 
pended in 500 ml. of water, warmed to 80°C.(176°F.), and stirred 


TABLE 3 
Results Obtained on Preparations A and B Made From Outer Shell 
of Canned Tomatoes 


Calcium pectate in the 





, In the residue from enzyme 
Preparation preparation digestion 
per cent of pal leiaacpeenadiil 
Preparation canned Pectin | As per cent 
tomato content . of the canned’ AS per cent 
shells used = (ag calcium Calcium | tomato shells in the 
pectate) | used preparations 
pet. pet. 
i cicas ccas.ucabeccacaeooaandsassuandet 1.02 5.48 0.50 .0061 0.60 


Riwngintencnitiacescmmnwinae 1.13 9.11 1.30 | .0345 3.05 
mechanically for half an hour. The mixture was then filtered 
through fine silk cloth, using a light suction. The residues were 
extracted in this same manner seven times in order to remove most 
of the pectin and pectic acid. 

Afterwards the residues were suspended in 500 ml. of water, 
one gram of pectinase was added, and the mixtures were placed in 
a 30°C.(86°F.) thermostat. After six days an additional one gram 
of enzyme was added to each mixture and the digestion continued 
for three days more. The mixtures were then filtered through silk, 
the residues washed with 100 ml. of water, and suspended in 300 ml. 
of two-per cent ammonium-citrate solution for 48 hours. The sus- 
pensions were again filtered, first through silk and then through 
hardened filter paper with suction. The pectic materials dissolved 
in the ammonium-citrate solution were precipitated by the addition 
of enough 95-per cent alcohol to give a final concentration of 60-per 
cent alcohol. The precipitates were filtered off, washed with enough 
60-per cent alcohol to remove all ammonium citrate, and dissolved in 
200 ml. of .05 N sodium hydroxide and used for the determination 
of pectic materials as calcium pectate. 
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About five times as much calcium pectate could be found in the 
residue after the digestion with the enzyme of Preparation B than 
from the corresponding sample from A (Table 3). In the prepara- 
tion from untreated tomatoes (A) 10.95 per cent of the pectins were 
present as calcium pectate, while in B this percentage was 33.50. 

2. Extraction of Tomatoes With Sodium Hydroxide: For these 
tests three-gram samples of Preparations A, B, C, and D were used. 
The outline of procedure given previously (p. 502) was followed in 
all details. At least 500 ml. of .05 N sodium hydroxide was always 
used for the first extraction, which was followed by three smaller 
volumes of alkali to complete the removal of the soluble pectic mate- 
rials. The undissolved residues from their first extractions with 
alkali were suspended in 250 ml. of .05 N hydrochloric acid for 24 
hours and filtered. In the second alkaline extractions of the residue 
after the acid treatment three separate doses of several hundred 
milliliters of sodium hydroxide were again applied. The extractions 
were always aided by mechanical stirring and the filtrations were 
made through silk cloth. The extracts were analyzed for pectic 
materials by the calcium-pectate method and also for calcium. 

In observing the results shown (Table 4) it should be kept in 
mind that Preparations A and B were made from the parts of the 
canned tomatoes where the greatest differences could be expected. 
On the other hand, in Preparations ( and D the whole fruit was 
used and thus the composition of this pair of samples was more alike 
than in Samples A and B. Accordingly, the differences found are 
more striking between A and B than between C and D. The results 


give definite proof that a large proportion of the calcium in the 


calcium-treated samples was present in the form of calcium pectate. 
The significance of these findings will be discussed below. 

3. Effect of Ammonium Citrate on Calcium-Treated Tomatoes: 
The results presented thus far make it clear that the bulk of the 
calcium in ecaleium-treated tomatoes is present as calcium pectate. 
Additional information was sought, however, to throw light on the 
question whether the formation of the calcium pectate in the tissue 
was actually responsible for the hardening effect of the calcium. The 
experiments described here were conducted to establish the effeet on 
firmness of tomatoes of an extraction of the pectic materials. 

Calcium pectate is soluble in ammonium-citrate solution. When 
firm, calcium-treated, canned tomatoes were immersed in a warm 
two-per cent solution of ammonium citrate, the tissues softened so 
much that the tomatoes broke apart easily. Similar treatment of 
canned tomatoes which were not treated with caleium showed no 
observable change in firmness. This indicates that the substance 
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which caused the firming effect had been dissolved in the ammonium- 
citrate solution. 

As a proof that the loss of firmness was not merely due to a 
removal of calcium from the compound (or compounds) which causes 
the firming, the tomatoes which had been immersed in the ammonium- 
citrate solution were then dipped in a 2.5-per cent solution of eal- 
cium chloride for five minutes, the treatment which originally had 
been given them before canning. No noticeable firming could be 
observed. Tomatoes canned with the addition of table salt only and 
subsequently dipped into a solution of calcium chloride showed 
definite firming. 

The material extracted from the tomatoes by the ammonium- 
citrate treatment was precipitated from the solution by the addition 
of enough aleohol to make a final concentration of 60 per cent. A 
gelatinous precipitate typical of pectic materials was formed. This 
was washed free from ammonium citrate with 60-per cent alcohol 
and finally treated with 95-per cent alcohol, and dried. It weighed 
.1543 gram and represented .039 per cent of the tomatoes used in 





the experiment. It contained 2.87 per cent calcium. 


DISCUSSION OF RESULTS 

The increased firmness which is noticeable when peeled tomatoes 
are treated with a solution of calcium chloride must be due to the 
formation of some insoluble compound or compounds since only 
such can be assumed to contribute to the solidity of the fruit. It is 
doubtful whether a crystalline solid could accomplish this, but the 
formation of a gel-like substance. such as calcium pectate, is likely 
to provide the additional support of the cell structure. 

It was necessary in this work to use for the various determina- 
tions preparations made from tomatoes rather than the fruit itself. 
The extraction with dilute aleohol removed the uncombined calcium 
chloride which may have been present as well as the calcium salts 
of citric and malice acid which may have been formed during the 
treatment. It also removes sugars, pigments, and various other com- 
pounds naturally present in tomatoes. The first pair of preparations 
(A and B) was prepared from the outer wall of the canned tomatoes. 
The sample prepared from the calcium-treated tomatoes (B) con- 
tained about .03 per cent of calcium before the extractions were 
started and .013 per cent in the dry preparation. Thus, about 43 
per cent of the original calcium content was insoluble in alcohol. 
In the calcium-treated sample (D) in the second pair of preparations 
(C and D), the calcium content decreased from .023 per cent to .010 
per cent showing by coincidence that again 43 per cent of the orig- 
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imal calcium was insoluble in alcohol. It appears from the results 
presented (Table 4) that most of the calcium in the preparations 
irove caleium-treated tomatoes must have been present as calcium 
nectate. 

It could not be expected that the methods used for the separa- 
tion of the various pectic materials would give a perfect separation 
of calcium pectate from pectin and pectic acid. The main reason 
for this is that the different pectic compounds do not have a definite 
chemical composition but are members of a continuous series of com- 
pounds. A further complicating factor is the effect of calcium on 
the solubility of these compounds. The calcium salts of pectie acid 


TABLE 4 
Calcium and Calcium Pectate Extracted From Preparations Made 
From Canned Tomatoes 





Calcium | Calcium pectate 





Pre »paration | Preparation 


A B A B C Dp 
/Control Treated] Cc wane Tr ented Control ITrente 4) Control |Treated 


| 
| 
| 











| 
Solvent: | | 
| 
| 


First extraction 
with alkali 3. Si | 14 
Extraction 
with acid } 2.7 | 62 | 45 | 
Second extraction | 
with alkali 21 ig T |} Ce | 5 | 161 38 | 106 
Residue a) 1.6 0.4 | Ps a ae 
RR | 87 126 | 7.0 | 99 | 215 | 293 | 170 | 194 





1 Expressed as milligrams in 100 grams of canned tomatoes (C, D) or tomato shells 
(A, B 





(polygalacturonie acid) are insoluble in water but degradation result- 
ing in fewer units in the macromolecule will cause the formation of 
soluble or at least more soluble calcium compounds. The threshold 
of calcium content required to make calcium pectate insoluble in 
water is somewhere around 4.7 per cent and thus any insoluble 
calcium pectate may contain a proportion of calcium between this 
figure and 10.26 per cent, which is the theoretical calcium content. 
The calcium content will depend a great deal on the conditions of 
precipitation. 

Considering these factors the separation of the various pectic 
compounds by the enzyme method and by the use of dilute alkali 
seems quite satisfactory. The results obtained by enzyme digestion 
of Preparations A and B indicate that there was about five times 
as much calcium pectate in the preparation from the calcium-treated 
tomatoes as in that from the untreated tomatoes. 








TREATMENT OF TOMATOES WITH CALCIUM CHLORIDE 507 


The results obtained by the selective solubility of the various 
pectic compounds in alkali are more satisfactory than those obtained 
with enzyme digestion. In the first alkali extraction all pectin and 
pectic acid are removed as well as some of the calcium, leaving 
behind only calcium pectate (Table 2). Most of the calcium is re- 
moved by the acid treatment, so that the subsequent alkali extrac- 
tion dissolves all the newly formed pectic acid which is determined 
as calcium pectate. The determinations performed on the various 
tomato preparations (Table 4) clearly indicate the presence of a 
large quantity of calcium pectate in the treated tomatoes. 

The results obtained in the calcium determinations are well 
complemented by the pectin determinations. The amount of pectin 
obtained after the acid extractions was always much larger in the 
preparations from the calcium-treated tomatoes, showing that the 
bulk of the pectic constituents was present in the form of caleium 
pectate. 

The immersion of caleium chloride-treated tomatoes in ammonium- 
citrate solution results in a loss of firmness which is not regained 
upon a subsequent dipping into calcium chloride. On the other hand, 
tomatoes which have been canned without the addition of caleium 
chloride become firm when dipped into a solution of ealeium chlo- 
ride, indicating that the constituents participating in the firming 
reaction are present in canned as well as in fresh tomatoes. The 
significance of this observation lies in the fact that it offers further 
evidence to show that the hardening of the tomato tissues depends 
on the pectic compounds present in the tomatoes. When these are 
removed (as by the ammonium-citrate treatment), calcium has no 
firming effect on the tissues. The analysis of the ammonium citrate- 
extracted pectins from the treated tomatoes showed only 2.87 per 
cent ealeium. 

SUMMARY 

Three pieces of evidence are presented as proof that the firmer 
texture given to tomatoes by treating them with calcium-chloride 
solutions is due to the formation of a calcium pectate : 

1.. Digestion with pectic enzymes decomposed all pectic substances 
in tomato tissue except calcium pectate which was found in earlier 
tests to be hydrolyzed to the extent of only 15.8 per cent. Subse- 
quent treatment with acid followed by alkali extraction gave a 
quantity of pectic material which could have been only calcium 
pectate. 

2. Calcium pectate was found to be insoluble in dilute alkali 
when extracted for a few hours while other naturally occurring 
pectic substances (except protopectin) are soluble. Dilute alkali 
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extraction of calcium chloride-treated tomatoes removed all pectic 
materials except calcium pectate (and protopectin) which may be 
present. The residual tissue was then treated with hydrochloric 
acid, a treatment which converts ecaleium pectate to alkali-soluble 
pectic acid and leaves protopectin unchanged under the conditions 
of the experiment. Subsequent alkali extraction gave a quantity of 
pectic material which could have been derived only from calcium 
pectate. The amount of calcium pectate derived from these latter 
extracts was in all cases higher from ealeium chloride-treated toma- 
toes than from the control samples. The bulk of the additional 
ealeium contained by the preparations from treated tomatoes ap- 
peared to be present as calcium pectate. 

3. Calcium chloride-treated tomatoes lost their firmness upon 
immersion in ammonium-citrate solution. When these tomatoes were 
again treated with calcium chloride, they did not regain their firm- 
ness showing that the compound which was responsible for the 
stronger texture had been dissolved in the ammonium-citrate solu- 
tion. Analysis of this solution revealed the presence of a_ pectic 
material. That the constituents associating with the caleium during 
the treatment are still present in the untreated canned tomatoes was 
shown by the firming observed upon the immersion of such fruit 
into a solution of calcium chloride. 
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Note at the time of printing. Because of the incompleteness of the nomen- 
clature used in this article for pectie materials one point has to be made clear. 


The term ‘‘caleium pectate’’ was used for any polygalacturonie acid precipitated 
by calcium ions irrespective of the possible methyl ester content (‘‘ pectinie 


acids’’) or a caleium content lower than that required by theory (‘‘acid salts’’). 
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Propylene glycol continues to be of increasing interest and im- 
portance to those concerned with certain food and pharmaceutical 
products. It is being proposed as a substitute for aleohol and some 
polyaleohols in flavoring extracts which are used in the baking in- 
dustry, in domestic cooking, in soda-fountain syrups, ete. It is used 
as a solvent and preservative for vitamins. It has a definite glyco- 
genie action and can act as a carbohydrate substitute with corre- 
sponding effects on metabolism, body growth, and muscular activity. 
Before these and other uses are generally accepted and officially 
approved, however, further investigations of the usefulness and 
limitations of propylene glycol are desirable. 

Previous reports on propylene glycol from this laboratory— 
Hanzlik, Newman, Van Winkle, Lehman, and Kennedy (1939) ; 
Seidenfeld and Hanzlik (1932); Lehman and Newman (1937) ; 
Hanzlik, Lehman, Van Winkle, and Kennedy (1939); and Van 
Winkle and Kennedy (1940)—have demonstrated a comparatively 
low toxicity for this glyeol as compared with a number of other 
available glycols. This was indicated by the results of single and 
continued administration of propylene glycol in different animals. 
The doses for fatal effect were large and without demonstrable gross 


pathological changes in important organs. Beneficial, if anything, 


were a glycogenic action, a satisfactory substitution for earbohy- 
drate in the diet, and a sustained, or promotion of, voluntary run- 
ning activity caused by the propylene glycol. 

Since propylene glycol may be an ingredient of medicinal and 
dietary products, which are taken by mouth, it appeared desirable 
to investigate the possible effects of this glycol on the functional 
efficiency and the histology of the liver and kidneys. This would 
appear especially desirable with continued administration of the 
glveol for long periods. Moreover, the results of liver perfusion, 
previously reported by Newman, Van Winkle, Kennedy, and Morton 
(1940), indicated that propylene glycol caused a decrease in oxygen 
consumption with an increase in lactic acid and glycogen of the liver. 
These changes did not clearly distinguish between an impairment of 
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ADMINISTRATION OF PROPYLENE GLYCOL 





function of and a beneficial action on the liver. Besides the results 
of continued absorption (liver) and continued elimination (kidney), 
it was desirable to obtain further information on the relationship of 
glycogenic action of this glycol to growth and also on serum calcium, 
which has been claimed to be increased by Hofbauer (1933). This 
report presents the results obtained on these various phases of the 
continued administration of propylene glycol in animals. 


LIVER AND KIDNEY FUNCTION IN DOGS DRINKING 
PROPYLENE GLYCOL 


Two groups of four dogs each were used. The first group, con- 
sisting of female dogs, drank five per cent propylene glycol for from 
five to nine months and received no other fluid. They had access to 
the glycol mixture for one hour twice daily, thus insuring a higher 
blood glycol level than if the dogs drank small quantities of the 
glycol mixture at frequent intervals. The solid diet consisted of 
Purina Dog Chow. The functional tests were made during a control 
period before glycol, at irregular intervals when the dogs drank 
glyeol, and at the end of the drinking period. Then the animals 
were sacrificed and histological examinations of the tissues were 
made. Three tests of liver function were made: galactose excretion, 
Bauer (1906) and Schulte (1937); urie acid exeretion, Schulte 
(1937), Bollman, Mann, and Magath (1925), and Bollman and 
Mann (1932); and the rose bengal content of blood, Koch, Lee, and 
Tainter (1935). Kidney function was tested by the ability of the 
dogs to excrete phenolsulfonphthalein in a two-hour test period. 

It is seen from the results for this group of dogs (Table 1) that 
the propylene glycol caused no significant changes in functional 
efficiency of the liver and kidneys. according to the different tests 
made. The small differences from the control values, in all tests, 
fell within the range of normal variations and of experimental error. 
The quantities of propylene glycol drunk were rather large, the 
average daily intake during the drinking period for each dog being 
5.1 ¢.ec. per kilogram of body weight. The average glycol content 
of the blood was also high, 325 mgm. per cent, this being the aver- 
age peak concentration attained twice daily. All the dogs remained 
in good health, having gained in body weight from one to two kilo- 
grams during the drinking periods. Histological examination showed 
no pathological changes in the livers and kidneys. Accordingly, the 
noninjuriousness of propylene glycol to functional efficiency and 
morphology of the liver and kidneys and to the general health of 
these dogs was consistent with its known comparative systemic non- 
toxicity in different animals. 
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An attempt was made to keep a second group of dogs on 10-per 
cent propylene glycol, but this concentration was found to be too 
hypertonic as it caused the dogs to increase their fluid intake three- 
fold in an attempt to combat the obvious dehydration. This in- 
creased intake of 10-per cent glycol resulted in the production of 
coma, and the dogs died from the marked central depression or 
from a subsequent pneumonia. The blood-glycol concentration in 
these dogs averaged 800 mgm. per cent. To combat the dehydration, 
a group of four male dogs were allowed to drink 600 c.c. daily of 
10-per cent propylene glycol each, the glycol being given in the 
morning. In the evening the dogs were allowed free access to water 
for one hour. On this regimen the dogs remained in good health 
and their average daily intake of propylene glycol amounted to 
4.5 ¢.c. per kilogram of body weight. These dogs were maintained 
on this regimen for five to six months. Only the changes in renal 
function were observed in this group, as indicated by the blood 
urea at intervals throughout the drinking period. The control values 
ranged from 14 to 24 mgm. per cent, and after drinking glycol for 
five to six months, from 12 to 33 mgm. per cent. The average blood- 
glycol concentration in these dogs was 493 mgm. per cent, which 
was the average peak concentration attained daily. These negative 
results after drinking 10-per cent propylene glycol confirmed the 


noninjuriousness of this glyeol for renal functional efficiency. 


EQUI-CALORIC PAIRED FEEDING OF PROPYLENE GLYCOL 

It was shown previously in paired feeding of rats with propylene 
glycol substituted for a portion of the carbohydrate that the glycol- 
treated rats grew better and had more liver glycogen than their litter- 
mate controls—Hanzlik, Newman, Van Winkle, Lehman, and Kennedy 
(1939) and Hanzlik, Lehman, Van Winkle, and Kennedy (1939). 
These results indicated that the increase in growth might have been 
due to the excess energy furnished by the glycol as compared with 
carbohydrate. Therefore, the data of these experiments have been 
extended, substituting the glyeol in equi-calorie amounts for the 
carbohydrate. 

Five pairs of rats were fed propylene glycol and water, the dose 
of propylene glycol being such that the total caloric intake of each 
rat of a pair was the same each day. Litter-mates of approximately 
equal weight were used. The diet of the glycolized rats contained 
one-fourth less carbohydrate than the controls, the ealorie equiva- 
lent of this portion of the diet being substituted by propylene glycol 
given by stomach tube daily. The control rats received an equal 
quantity of water by stomach tube. The results obtained (Table 2) 
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confirm those previously obtained with rats on an uncontrolled 
caloric intake (see references given on page 512). 

There was a definite tendency for the rats on propylene glycol 
to grow more rapidly and attain greater body weights than their 
litter-mate controls. Most striking were the differences in liver 
glycogen, the glycolized rats having two to seven times as much 
liver glyeogen per gram of liver as their unmedicated controls. This 
cannot be accounted for on the basis of differences in food or caloric 
intake, since these were kept the same for each pair of rats. Two 
possibilities are suggested which might account for these results: 


TABLE 2 
Changes in Growth, Body Weight, and Liver Glycogen of Rats 
in Paired Feeding of Propylene Glycol 





Control rats 


Final 


Glycolized rats? 





| Initial Final | Total Difference 


Initial 


body | body | glycol | Liver over Rat body | body Liver 
weight | weight | intake |S!¥cogen| control ? No. | weight| weight ahaa 


Days 





ZZ apenas mgm. in mgm. per | |} mgm. in 
gm. gm. ©. 1100 gm. | gm. liver gm. | gm. | 100 gm. 
127 63 | 236 | 89.4 | 2,365 | +11.90 63 | 176 | 1,175 
155 61 175 99.0 | 3,560 | +31.33 2A 66 | 167 427 
163 71 253 123.8 | 3,825 +32.37 | 74 | 220 | 588 
132 68 225 89.2 | 1,478 +10.08 4A | 63 200 | 470 
154 50 286 130.7 | 1,536 +10.81 5A | 60 | 262 455 


| 





























s Propylene glycol was substituted for one-fourth the caloric content of the carbohydrate 
in diet, each rat in a pair receiving the same daily caloric intake. * The plus sign in this 
column means “increase.” 

(1) Propylene glyeol might be a more readily available souree of 
energy than the carbohydrate of the diet; and (2) the glycol might 
depress the animals enough to decrease their energy utilization and 
thus account for the difference. Of these two possibilities, we are 
inclined to favor the second, despite the fact that propylene glycol 
does not decrease the voluntary running activity of rats, Van Winkle 
and Kennedy (1940). Under the latter conditions, periodie central 
nervous depression with a small decrease in general muscle tonus 
are conceivable, although this was not determined at the time and 
no measurements were made of oxygen consumption. However. 
propylene glycol depresses the oxygen consumption of the isolated 
liver, according to Newman, Van Winkle, Kennedy, and Morton 
(1940), and it is conceivable that this may be true for the entire 
animal in a degree sufficient to result in an increase in liver glycogen. 


EFFECT OF PROPYLENE GLYCOL AND OTHER GLYCOLS 
ON SERUM CALCIUM 
Hofbauer (1933) claims that propylene glycol causes an increase, 
and ethylene glycol a decrease, in serum ealeium. Since the serum 
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calcium may fluctuate over a range of five or six mgm. per cent, 
according to Borne and Campbell (1932), and it is extremely difficult 
to alter the serum calcium beyond this range even by administration 
of calcium salts or by depriving an animal of calcium, Peters and Van 
Slyke (1932), the changes, often amounting to as much as 70 per cent, 
reported by Hofbauer appear incredible. If true, such changes in 
calcium would be of extreme importance and might be against the 
use of propylene glycol as a medicinal vehicle. Therefore, it appeared 
desirable to confirm or refute Hofbauer’s claims. 

A total of 31 cats was used. After obtaining a blood sample by 
heart puncture, the glycols were administered by intramuscular in- 
jection. After that, samples of blood were taken at four and 24 


TABLE 3 
Effect of Various Glycols on Serum Calcium of Cats 





| Serum calcium (average mgm. per cent) 

Dose— Number 

c.c. per of | 
kg. cats 








1 
Before |_____ After g yest 


glycol 4 hours 24 hours 











Physiologic saline | 
solution (control) 11.0 | 10.0 9.8 
Propylene : 10.2 9.7 9.4 


Dipropylene : 10.8 10.8 10.7 





} | | 
Ethylene | 99 | 101 | 9.0? 
| 


Diethylene | dda 106 | lla 
Trimethylene | 5 4 | 115 | W3 | 113 


1Two of seven cats showed very low serum calcium at the end of 24 hours, i.e., 3.4 and 
6.3 mgm. per cent. 








hours. The caleium was determined by the method of Halverson 
and Bergeim (1917). 

With the possible exception of ethylene glycol, none of the glycols 
tried altered the average serum-calecium concentration significantly 
(Table 3). The slight drop in serum calcium after some of the 
glycols falls within the range of experimental error, and also pos- 
sible small changes in blood volume as indicated by simultaneous 
hemoglobin changes in some cats. These hemoglobin changes gen- 
erally paralleled the changes in serum calcium. Two of seven cats 
receiving ethylene glycol showed very low serum calcium at the end 
of 24 hours, i.e., reduction of about one-third and one-half the 
control values. These animals were moribund. Histological examina- 
tion of the kidneys of these two cats and of two other cats, which 
received ethylene glycol, but without changes in serum calcium, 
showed crystals in the lumens of the convoluted tubules of all cats. 
These crystals resembled those of calcium oxalate previously de- 
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seribed by Hanzlik, Seidenfeld, and Johnson (1931) in rats receiv- 
ing ethylene glycol. Dille (1934) has reported that this glycol had 
no effect on the serum calcium either in acute or chronic intoxication 
of rabbits, which is in agreement with the results in the majority of 
animals used. 

To test the effect of prolonged administration of propylene glycol 
on the serum calcium, calcium was determined at intervals in the 
serum of dogs used in renal and hepatic funetional tests on contin- 
ued propylene glycol medication. However, no significant changes 
in serum calcium were demonstrable in eight such dogs. Therefore, 
we were unable to confirm Hofbauer’s claims. The comparative non- 
injuriousness of propylene glycol was again indicated by an absence 
of disturbances of systemic calcium and of renal ealeuli, as com- 
pared with ethylene glycol, at least. 


SUMMARY AND CONCLUSIONS 


Propylene glycol, when given in five- and 10-per cent econcen- 
trations in the drinking water of dogs for from five to. nine months, 
causes no demonstrable inpairment of liver function as indicated by 
quantitative excretions of galactose and uric acid and by the rose 
bengal content of blood; and caused no impairment of kidney fune- 


tion as indicated by phenolsulfonphthalein excretion and changes in 
blood urea. No pathological tissue changes were demonstrable in 
these viscera. 

Paired feeding of rats in which the diet of the tested rats 
contained one-fourth the carbohydrate substituted by the caloric 
equivalent in propylene glycol showed that the glycolized rats grew 
better than their litter-mate controls and had two to seven times 
as much glyeogen per gram of liver as the controls. 

No alteration in serum calcium of cats and dogs could be de- 
tected following the administration of large doses of propylene 
glyeol and some other glycols, except ethylene glycol which lowered 
the serum calcium in only two of seven cats and caused renal caleuli 
in four eats. The results with propylene glycol refute a positive 
claim in the literature. 

These results taken together further confirm the comparative 
noninjuriousness to health and important organs of propylene glycol 
as compared with other available glycols. 

There is no good reason to believe that the internal use of pro- 
pylene glycol, in such quantities as would likely be present in food, 
beverages, vitamin, and medicinal products, would present individ- 
ual or public-health hazards. 
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For many years the opinion has been held that ripened beef is 
superior in palatability, tenderness, and juiciness to unripened beef. 
To obtain the greatest effect of aging with the least spoilage, low 
temperatures and controlled humidities are used. This process can 
be satisfactorily applied only to careasses having a good covering 
of fat. The length of the storage period may be long for well-finished 
beef but must be relatively short for poorly finished beef because 
of its susceptibility to microbial growth. Long aging periods at low 
temperatures are expensive for a number of reasons, such as the 
necessary equipment, slower turn-over, desiccation, and trim involved. 
The justification of this expense has been the inereased palatability, 
especially tenderness, believed to result from such treatment. 

Several studies on the quality of ripened meat have been reported 
over a period of years. Bouley (1874), investigating the practica- 
bility of mechanical refrigeration, believed that at —2 to 3°C.(28.4 
to 37.4°F.) meat could be kept indefinitely without spoiling. Ten- 
derness increased with the length of the storage period, but pal- 
atability decreased after 40 to 45 days. Miiller (1903), also studying 
the ripening of meat, states that with increased storage beef becomes 
more tender, juicy, and palatable. Using a mechanical ‘‘biting 
foree’’ method for the determination of tenderness, Lehman (1907) 
compared the effect of ripening on raw and cooked beef, aged two 
to eight days, and found that in both the raw and cooked meat there 
was an increase in tenderness of from 20 to 40 per cent by the 
eighth day. 


The tenderness of broiled porterhouse steaks from seven high- 
grade fat steers stored at 0 to 2.2°C.(32 to 36° F.) was compared 
by Hoagland, MecBryne, and Powick (1917). ‘The right quarters 
were stored from 14 to 177 days, while the left quarters were tested 
approximately two days after killing. In every case the judges 


* Approved by the director of the Michigan Agricultural Experiment Station 
for publication as Journal Article No. 495, n.s. 


* Supported in part by a grant from General Electric Company and in part 
by Michigan Experiment Station. 
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agreed that the ripened meat was more tender, but when the proc- 
essing was carried beyond 43 days they often applied the terms 
‘‘gamey’’ or ‘‘undesirable.’’ Meat stored 177 days was quite un- 
palatable, but still edible. The authors concluded that the principal 
effect of cold storage was a marked increase in tenderness, the greatest 
increase being produced in two to four weeks, and that flavor did 
not appear to be improved by the treatment. 

Moran and Smith (1929) studied the effect on the quality of beef 
of storage at 5°C.(41°F.) for seven or 17 days compared with three 
days. Conditioning effected a marked improvement in palatability, 
particularly in tenderness. No change in flavor was observed, but 
juiciness and texture were improved. Both prime steer beef and 
inferior cow beef were favorably affected by conditioning. A few 
experiments were made on storage at 32°F. compared with 41°F., 
but no differences were observed in the results. 

Warner and Alexander (1932) found the effect of storage on 
tenderness of lamb to be similar to the effect on tenderness of beef 
observed by other investigators. The tenderness of 1,222 roasted 
lamb legs, ripened two to 25 days at 36°F., was tested mechanically 
and graded by judges. Tenderness increased if the lamb legs were 
held in cold storage seven to 10 days after slaughter, and changed 
but slightly during the next 10 days. 


Testing the tenderness of raw sirloin steaks with a penetrometer, 
Tressler and Murray (1932) found that tenderness increased steadily 
during the first seven days of aging at 1 to 3°C.(33.8 to 37.4°F.) 
and checked this finding by testing the cooked samples. Steaks aged 
five or six days had a better flavor when cooked than those aged 
longer periods. It is doubtful if the penetrometer findings cited on 
raw meat can be applied to cooked meat, since Warner (1929), using 
a different type of tenderness machine, found that while the correla- 
tion between left and right ribs of beef was about .8, that between 
the breaking strength of the raw and cooked muscle was approxi- 
mately .3. After similar tests, Black, Warner, and Wilson (1931) 
concluded that it was impossible to predict the shearing strength of 
cooked beef from that of uncooked. 


Lowe (1937) states that after the passing of rigor, beef roasts 
are more tender and become increasingly tender with length of stor- 
age, but this increase after 20 days of storage is not large enough 
to pay for the greater costs. This treatment is reported to improve 
juiciness and flavor, maximum development of desirable flavor being 
achieved with 20 to 40 days of ripening at temperatures a little above 
freezing. 
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The resistance of beef boiled one hour in salted water to the 
penetration of rounded wedges was determined by Steiner (1939). 
He found that the force necessary to penetrate the meat decreased 
with increased length of storage and with increased temperature. 
Meat became tender much more rapidly when held at 10°C. (50°F.) 
or even 23°C.(73.4°F.) than when held near the freezing point. 
Owing to the greater activity of microdrganisms at higher temper- 
atures, however, Steiner recommends meat storage at 0°C.(32°F.) 
rather than at a higher temperature. 

Contrary to the findings of other investigators Mohler (1939) 
observed little difference in the palatability factors of high-grade 
beef after either 10 or 50 days of storage at approximately 1.1°C. 
(34°F.). 

According to Ewell (1940) approximately the same tenderization 
of meat was obtained at 15.6°C.(60°F.) in from one to three days 
as was secured in three weeks or longer at 34 to 37° F., but the 
meat held at 60°F. was unsalable without very deep trimming owing 
to bacteria and mold growth. 

Recently a new method of meat ripening has been introduced by 
Mellon Institute.*** Careasses are hung in a refrigerator, at about 
60°F ., having a relative humidity of 85 to 90 per cent. The meat 
is exposed to continuous ultra-violet irradiation during storage. The 
reason given for using a high temperature is quicker ripening, while 
ultra-violet irradiation is said to decrease microbial growth, and 
high humidity prevents excessive dehydration. 

The review of literature shows that low-temperature storage has 
some effect on the tenderness and palatability of beef. There is still 
need for more data, however, especially on the effect of higher tem- 
perature storage on beef. The experiments described in this paper 
were undertaken to give some information on these points. Specifi- 
cally, this paper deals with the effect on beef quality of (a) extended 
storage at a low temperature, (b) ultra-violet irradiation at 60°F., 
and (¢c) low-temperature storage compared with storage at 60°F. 
combined with irradiation. 


GENERAL METHODS 


The three experiments included in this paper are reported sep- 
arately, except for the following methods which are common to all. 
In each experiment two storage treatments were used, employing 
paired samples. The sides of beef were alternated so that for each 


* Anonymous, 1939. ‘‘Meat Tenderization.’’ Ind. Eng. Chem., News ed. 17, 
236-237. 

“Anonymous, 1940. ‘‘Meat Tenderization: New Information on the Ten- 
deray Process.’’ Ind. Eng. Chem., News ed. 18, 291-292. 
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treatment, approximately the same number of right and left sides 
were used. Just before cooking, a roast consisting of ribs 9, 10, and 
11 was removed from each meat sample. 

The roasts were cooked and tested according to the directions of 
the National Cooperative Meat Investigations,’ which are briefly the 
following: The samples were placed in open dripping pans without 
the addition of salt or water, and roasted at 150°C.(302°F.) in indi- 
vidual insulated gas ovens with glass doors. Cooking was continued 
until thermometers inserted in the center of the lean meat registered 
58°C.(136.4°F.), at which temperature meat is rare. Weighings 
were made on removal of the roasts from the ovens and after the 
temperature of the roasts reached 62°C.(143.6°F.). Data from these 
weighings made it possible to caleulate total shrinkage during cook- 
ing, as well as that due to evaporation and drippings, both in the 
oven and after removal from the oven. 

The cooked meat was graded by four or five judges, using the 
palatability chart of the National Cooperative Meat Investigation. 
Meat lying over the 10th rib was sampled by the judges, and that 
from the 9th and 11th ribs was used for mechanical tenderness tests 
on a Warner-Bratzler (1932) shear. After the meat had cooled 
about 30 minutes, six samples were cut from the longissimus dorsi 
muscle of each roast for the mechanical tenderness test, i.e., three 
samples each from meat over the 9th and 11th ribs. These samples 
were taken parallel to the spinal column with a sharp cylindrical 
bore having an internal diameter of one inch. On each sample, three 
euts perpendicular to the grain were made by the machine. 

The mechanical shearing tests and judges’ scores for tenderness 
were analyzed statistically by using Student’s test as given by Fisher 
(1936). This test is applicable to the data because paired sides were 
used for each experiment and its control. Caleulations were made 
on the differences between the pairs. 


EXPERIMENTAL PROCEDURES AND RESULTS 
Low-Temperature Storage for Nine and 37 Days: For this study 
of the effect on meat quality of short compared with longer storage 
at a low temperature, 10 two-year-old Hereford steers® were used. 
The grade of these carcasses was equivalent to U. S. Good, and they 
were better finished than those used in the other two experiments. 


*United States Department of Agriculture, Bureau of Home Economics and 
Bureau of Animal Industry, ‘‘Methods of Cooking and Testing Meat for Pal- 
atability,’’ 36 pp., illus., 1933, (mimeographed). Since publication of these 
methods, the roasting directions for beef have been changed from a searing to 
a constant-temperature method. 


* The authors are greatly indebted to Wilson and Company for supplying and 
storing the meat used in the experiment comparing nine with 37 days’ storage. 
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The carcasses were placed in a commercial beef cooler for six days, 
after which the standard three-rib roast was removed from one side 
of each carcass and shipped from Chicago to East Lansing by re- 
frigerated truck. 

From the opposite side of the same careasses standard, 12-rib, 
wholesale cuts were hung in a large, commercial, aging cooler having 
a closed, brine-coil refrigerating system and held at a temperature 
of 34 + 1°F., with a relative humidity of 76 + 2 per cent. After 34 
days of storage, a roast was taken from each prime rib cut in the 
same way as for the shorter storage period and shipped. 

Since the 10 cooking samples were shipped together after each 
of the two storage periods and not more than four samples could 
be roasted in one day, meat in the first series was cooked after 8, 
9, and 10 days of storage and that in the second series after 36, 37, 
and 38 days. The interval between the two series was the same for 
all animals, that is, meat roasted after 36 days was from the same 
animals as that roasted after eight days. For convenience, the storage 
periods will be referred to in the discussion as nine and 37 days. 

The objective data, consisting of weights of the roasts, cooking 
losses, and mechanical tenderness tests as well as the palatability 
scores, are presented (Table 1). It will be recalled that opposite 
sides of the same animal were used for the two storage treatments 
and that 10 animals were used in each experiment. The figures for 
each animal represent individual observations except those on me- 
chanical tenderness, for which 18 euts are averaged, and for the 
palatability scores, which represent an average of the four or five 
judges who tasted the meat. 

Results of the tests for significance of the judges’ scores for 
tenderness and of the mechanical shear are shown (Table 2); also 
recorded in this table are the number of cases in which the treated 
meat was more tender than the control, cases in which the treated 
and control roasts received the same score being indicated in a foot- 
note. Since 10 roasts were used in each case, the number of cases in 
which the treated meat was tougher can be caleulated readily. 

Since tenderness is particularly important in this experiment, it 
is desirable to determine how well the two measures of tenderness 
which were used agree. The correlation between judges’ scores for 
tenderness and the shearing machine tests for the combined data of 
the three experiments is —.55, a highly significant figure for the 
number of items involved. Since tender meat requires less shearing 
force and receives from the judges a higher grade for tenderness 
than tough meat, the correlation is negative. It is evident that the 
judges and the machine were measuring the same factor in a reason- 
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ably accurate manner. Significant correlations between judges’ scores 





for tenderness and tests on identical or similar shearing instruments 
were found by Warner (1929), Lowe (1934), Mackintosh, Hall, and 
Vail (1936), Brady (1937), and Satorius and Child (1938). Lowe 
(1934) concluded that the shearing machine measured tenderness 
more accurately than the penetrometer, since the shearing tests were 


Objective Data and Palatability Scores of Beef Stored Under Various Conditions’ 


TABLE 





Aging of beef 


Irradiation at 





| 2.2°C.(36°F.) vs. 


60°F. with 
















































Factors 15.6°C. (60°F.) irradiation 
measured — —- — - 
‘anni Pi Control | Irradiated | Normal | Irradiated 
Objective data | | 
Temperature, °F................. 34 34 60 60 36 60 
Time of treatment, days..... 8-10 36-38 | 2 2 2 2 
Irradiation, days............000 None} None| None | 2 None 2 
Number of samples................. 10 10 | 10 | 10 10 10 
Weight of roast, Ib : 12.5 1222 | 65 6.6 6.8 6.8 
Shrinkage during cooking: | 
Evaporation, pet............... 8.9 7.3 | 8.0 | 7.9 7.9 | 7.8 
Drippings, pet 72 SS | 22 | 3.2 3.9 | 3.6 
I aitickitidiasnistiitehisions 16.1 | 155 | 110 | 111 11.8 11.4 
Mechanical tenderness, ]b...... 17.0 16.4 15.2 14.6 16.7 15.0 
Palatability scores * 
Aroma, intensity..cvssesssesssee 4.4 46 | 48 | 44 44 [45 
DGB ETICY «cc ssscniccrsccsssciseses 4.8 48 | 5.0 | 5.0 4.8 | 4.7 
Texture..........0+. 5.0 48 | 54 | 55 4.8 | 4.9 
Flavor of fat, intensity.......... | 3.8 4.3 4.0 | 4.2 3.6 | 3.6 
DOOM RIIAG «0s sccseccessosesscuse 5.2 5.1 4.8 | 4.7 4.8 | 4.7 
Flavor of lean, intensity........ 5.2 5.5 | 5.0 | 4.8 4.7 | 4.8 
Desirability..........sscsscsseseeses 5.7 5.7 | 55 5.2 54 | 5.3 
IB sivovcccicercisiccrcnceees 5.9 6.1 | 5.8 5.8 5.6 | 6.0 
Juiciness: 
Ne aitatcnctncenniannnicnd 58 | 56 | 49 | 48 5.1 | 5.1 
RID i sicccsstnsceocesesscnsuvess 6.1 5.7 | 52 | 4.9 5.3 | 5.2 


1 Complete data from which this table was compiled are available from American Docu- 
C., as Document 1600, for 


mentation Institute, 2101 Constitution Avenue, Washington, 
25c for microfilm, or 40c for photocopies 


desirable or least intense. 


dD. 


(See footnote at end of references.) 
scores are on the basis of 7 as the most desirable or most intense score, 1 being the least 


between penetration and shearing tests were significant. 

Roasts from beef stored at 1.1°C.(34°F.) for 37 days evaporated 
less and had lower total cooking losses than meat held for nine days 
at the same temperature, confirming the observations of Emmett and 
Grindley (1909) and of Moran and Smith (1929). Lower evapora- 


tion of meat stored the longer period is probably due to dehydration 


2 Palatability 





in agreement with the grading score, while none of the correlations 
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of the meat during storage, since meat which has already lost some 
moisture would hardly lose as much during roasting as meat having 
its original moisture content. The greater drippings loss of meat 
stored the longer period may be explained by the fact that a decrease 
in moisture content causes an increase in the percentage of fat. 
Differences in the palatability of meat stored nine and 37 days 
at 34°F. are not great. The aroma, the flavor of the fat and the 
flavor of the lean, were slightly more intense after the longer than 
after the shorter storage period. Increased intensity of aroma may 
have been due to the development of rancidity during storage. The 
desirability of aroma, flavor of fat and of lean, did not seem to be 
affected by storage. This agrees with the findings of Moran and 


TABLE 2 
Effect of Storage Treatments on Tenderness of Beef 


| 


Number of 
Tenderness Mean of Mean of cases in 10 











Control Treated | method control treated | treated were t 
| more tender 
9days | 37 days | Shear 17.02 16.37 7 | 1.6 
Judges 5.9 6.1 s* 1.0 
60°F. 60°F., lights | Shear 15.22 14.59 8 | 1.4 
Judges 5.8 5.8 4 | 0.0 
36°F. | 60°F., lights | Shear 16.68 14.99 8 | 238 
Judges 5.6 6.0 7° | L7 


1JIn five cases the treated meat was more tender, and in two cases the control and 
treated meat received the same scores. ?In seven cases the treated meat was more tender, 
and in one case the control and treated meat received the same scores. * Significant 
(? = #6). 


Smith (1929), who observed no evidence of any change in flavor of 
the fat and lean during a period of conditioning up to 17 days. The 
judges considered the juice of the roast aged nine days to be some- 
what better in quality and quantity than that of roasts aged 37 days, 
a finding which is not in agreement with Miiller (1903), Emmett 
and Grindley (1909), Moran and Smith (1929), and Lowe (1937), 
who found ripened meat to be more juicy than meat aged for a 
shorter time. Possibly the various storage conditions used by these 
investigators may account in part for lack of agreement on the effect 
of storage on juiciness. 

The differences in tenderness of meat aged the two periods were 
not significant for either the judges’ scores or the shearing machine. 
In both of these tests the meat aged 37 days appeared more tender 
than that aged nine days, but the differences were slight, and it is 
interesting to note that in three out of 10 eases more force was 
necessary to shear meat ripened the longer period, and in three 
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different cases in the same 10 samples the judges considered the 
ripened meat tougher. In two cases out of 10 the judges gave meat 
aged the two periods the same score. In this study of the effect of 
storage on the tenderness of meat, it is unfortunate that fresh chilled 
beef was not compared with meat held nine and 37 days, since the 
investigations of Lehmann (1907), and of Smorodintsev and associ- 
ates (1937) have shown considerable increase in the tenderness of 
meat during the first five to 10 days of storage. However, the pres- 
ent study compares the more usual commercial practice of chilling 
approximately nine days with a longer storage of 37 days. 

On the whole, the differences observed by the judges in the meat 
aged nine and 37 days were not great. A group of people more 
accustomed than the five judges in this experiment to the taste of 
aged beef might have rated meat stored 37 days higher in palata- 
bility than that stored nine days. It is likely that consumers ac- 
customed to well-ripened beef represent a small minority in this 
country, however, as a large proportion of the meat sold has not 
been aged more than nine or 10 days. 

Effect of Ultra-Violet Irradiation at 60°F.: In this study of 
high-temperature storage, front quarters from 10 animals were held 
at 15.6°C.(60°F.) for 48 hours, and front quarters from the other 
side of the same animals were also held at 60°F. for 48 hours but 
exposed to ultra-violet irradiation. All carcasses were then chilled 
at 2.2°C.(36°F.) for 48 hours. 

The animals were chosen either before or after slaughter from 
a local country packing plant. If chosen after slaughter, care was 
taken to be sure matched sides were obtained. An attempt was made 
to obtain carcasses grading top, medium, or good. The cleanliness 
of the plant was above the average for this type of plant, but some- 
what below optimum. The careasses were chilled at 36°F. for two 
to five days after slaughter and before treatment. 

Two identical, independently operated, McCray walk-in coolers, 
109 inches wide, 93 inches high, and 86 inches deep, were used. Each 
cooler was equipped with a Genvral Electric compressor, a General 
Electric condenser, and a Marlo brine-spray cooling unit. The hu- 
midity was regulated at 90 + 5 per cent by a Friez Humidistat 
and the temperature at 60 + 2°F. by a Penn Thermostat. The 
humidities and temperatures were recorded by Friez weekly hygro- 
thermographs. In one of the refrigerators ultra-violet lamps were 
attached to the ceiling parallel to each other and on either side of a 
rail from which quarters of beef were suspended, the rail being 
approximately 18 inches below the lamps. For five animals in the 


99 


irradiated series two 30-inch Westinghouse Sterilamps, 33 inches 
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apart, were used, and for the remaining five animals two 15-watt, 
18-inch, General Electric, germicidal lamps were arranged 46 
inches apart. The quarters were stored one or two at a time in 
these refrigerators. 

The Michigan State College Meats Laboratory cooler was used 
for chilling the meat before cooking. This is a walk-in refrigerator, 
17 by 81% feet, held at 36 + 3°F., with a relative humidity of 80 + 
10 per cent and having a capacity of 12 to 15 carcasses. Little or 
no other meat was held in this cooler at the same time as the experi- 
mental meat. A few hours before cooking, the standard three-rib 
roast was removed. Data from this experiment also are summarized 
(Tables 1 and 2). Since half the carcasses in each experiment were 
irradiated with General Electric lamps and the other half with West- 
inghouse lamps, and since no consistent differences were observed in 
the palatability of meat in these two groups, the data were averaged 
together. 

After storage of meat at 60°F. for 48 hours, the odor of the 
control refrigerator was less desirable than that of the refrigerator 
in which ultra-violet irradiation was used; and meat stored in the 
control box was inferior in appearance and odor, immediately after 
storage, to meat stored at the same temperature for the same length 
of time but exposed to ultra-violet irradiation. In view of these 
facts, it is surprising to find that the meat which was not irradiated 
had a slightly higher score for several palatability factors than did 
the treated meat. The aroma of the control meat was more intense 
than that of the treated meat, as might be expected from the odor 
of the raw meat. Since differences in the palatability scores for this 
series are small, little importanee can be attributed to them. No 
difference in tenderness can be attributed to the effect of the light 
itself because the difference between the averages for the shearing 
tests is not statistically significant and there is no difference between 
the judges’ tenderness scores. There seemed to be no difference in 
shrinkage during cooking for the control and treated roasts. 

Ultra-Violet Irradiation at 60°F. vs. Normal Storage at 36°F.: 
In this experiment, conventional cold storage of meat was compared 
with high-temperature storage combined with irradiation. Beef was 
obtained from the same packing plant as that used in the second 
experiment. The 10 carcasses were held for three to five days before 
treatment. Front quarters from alternate sides of the animals were 
held for 48 hours at 15.6°C.(60°F.) in the MeCray eooler used in 
the second experiment and exposed to continuous irradiation. Five 
samples were irradiated with Westinghouse Sterilamps and five with 
General Electric lamps, data from the two lamps being averaged as 
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before. After treatment, these quarters were chilled at 2.2°C.(36°F.) 
for 48 hours. 

Front quarters from the other side of the same 10 animals were 
held for 96 hours at 36°F. in the College Meats Laboratory cooler. 
A period of 96 hours was used because it was equivalent to the total 
treatment and chilling period of the high-temperature group. Cook- 
ing samples were cut as before. Data from this experiment are given 
(Tables 1 and 2). 

Greater differences might be expected between meat held at 36°F. 
compared with that held at 60°F. and irradiated, than between meat 
irradiated and not irradiated when both were held at 60°F., because 
of the possible combined effects of temperature and irradiation. In- 
deed, there was a greater difference in the tenderness of the two 
series of roasts in this experiment than between the series in the 
other experiments. The force required to shear meat held at 60°F. 
was significantly less than for that held at 36°F. (Table 2). While 
the judges’ scores for tenderness are not significantly different, they 
also indicate that the meat held at 60°F. was slightly more tender 
than that held at 36°F. However, the differences in tenderness be- 
tween meat stored at 36 and 60°F. observed in this study are not 
large, probably not as large as those found by Ewell (1940), who 
states that not only does ihe speed of ripening increase as the tem- 
perature is raised from 32 to 60°F., but the rate of increase of the 
speed rises also, so that the time required for a given degree of ten- 
derization is very greatly reduced. In the present experiment the 
judges and the mechanical shear agreed in one case that meat stored 
at 60°F. was tougher than that stored at 36°F., and in two other 
cases either the judges or the shear showed the meat stored at 60°F. 
to be tougher. In one case the judges gave the control and treated 
meat the same score. Differences in shrinkage during cooking and 
in palatability factors other than tenderness for the two groups are 
too small and inconsistent to permit comparisons. 

It should be emphasized that only 10 animals were used for each 
of the three experiments reported, a small number considering the 
large individual variation in animals. Indeed, an analysis of vari- 
ance showed the variation between animals to be greater than that 
between temperatures for mechanical tenderness in the 36 to 60°F. 
study. While more conclusive findings might be expected from an 
experiment in which more than 10 animals were used, the mechanical 
tenderness test and the statistical methods used here are the most 
sensitive available for detecting small differences and determining 
their significance. The experiments reproduced commercial condi- 
tions. and consumers expect a commercial process to be uniformly 
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successful. In none of the experiments did the treatment produce 
more tender meat in every case, and in many cases where the meat 
was more tender the difference in favor of the treated meat was too 
small to be statistically significant. The results of this experiment on 
high-temperature storage with irradiation were not as favorable as 
those obtained at the Kroger Food Foundation,’ where such treat- 
ment was judged to advance the beef at least one government grade 
in general palatability. 
SUMMARY 

To test the effect on meat quality of several types of storage, 
right and left sides of three series of 10 beef animals each were 
subjected to different treatments. Nine days’ storage at 34°F. was 
compared with 37 days; storage at 60°F. was compared with storage 
at the same temperature using ultra-violet irradiation; and the usual 
method of storage at 36°F. was compared with storage at 60°F. using 
ultra-violet lights. 


Meat stored 37 days had a somewhat stronger aroma and flavor 
but was slightly less juicy than meat stored nine days. Differences 
in the tenderness and desirability of flavor of meat stored for the 
two periods were small. 


Meat held at 60°F. for 48 hours was less desirable in appearance 
and odor than meat held under similar conditions but with ultra- 
violet lights. The palatability and tenderness of meat ripened by 
these two methods were similar, however, showing that the lights 
themselves did not affect the quality of the stored meat. 

Meat stored at 36°F. and meat held for the same length of time 
at 60°F. with irradiation graded approximately the same in palata- 
bilitv, exeept for tenderness, which was slightly greater in meat 
stored at the higher temperature. 
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Today the amount of research designed to discover the best meth- 
ods for the treatment of edible products in order to give them good 
quality as preserved foodstuffs is very great. The need for technical 
criteria, all inclusive and easy in application, to determine the final 
quality of these commodities is generally recognized. The search 
after such criteria is under way with respect to almost every type 
of product. Thus far, success has been relatively meager. Conse- 
quently, dependence continues to be placed mainly in the judgments 
of ‘‘tasters’’ or so-called ‘‘tasting panels.’’ 

The common procedure is that of opening and setting out a 
given number of samples to be tested by a number of selected per- 
sons. These operators are asked to observe and taste each sample 
and to grade it on a scale of, probably, one to ten points for each 
of its properties (color, flavor, texture, aroma, and so forth). These 
scorings are then averaged for the separate properties and also for 
the properties as a whole for each sample, and the samples are rated 
accordingly on the seale of quality. This procedure is trusted as a 
means for the predetermination of the value and the popularity these 
products should come to have, if and when placed in the public 
market and subjected to the judgments of their numerous purchas- 
ers and consumers. 

How well is this trust justified? After all, vision, scent, and 
taste, separate or combined, are merely human senses. If unaided 
and uncontrolled by scientific instrumentation, they are known to 
be surprisingly whimsical and erratic. Therefore, it was desirable 
to learn, if possible, the degree of confidence that should be placed 
in data obtained through the agency of the tasting-panel method. 


TESTS AND RESULTS 


The manner of approach was that of testing the taster’s ability 
to repeat his ranking of samples after the order of placement of 
the samples had been secretly and completely changed. How ac- 
curate and consistent would his senses show themselves to be under 
the trial of duplicated effort ? 


*Journal Article No. 506 (n.s.) from the Michigan Agricultural Experiment 
Station. 
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Tests of this kind were made on four different fruits, with 15 
variations of the frozen-pack process. Nine tasters participated. 
These tasters, with one exception, were horticulturists, men of the 
department, each with some degree of experience in the operation 
of tasting panels for judgments upon the quality of packed fruits. 
The single exception was a woman, connected with the Department 
of Home Economies, and possessed of expert qualification and ex- 
perience in the matter of food preservation and quality. These 
operators were called ‘‘tasters’’ in view of the term ‘‘tasting panel.’’ 
Strictly speaking, this is incorrect, since they used not taste alone 
in forming judgments but vision and scent as well. Actually, the 
three senses in combined action were employed. The number of 
duplicated tests in all was 96. 

Obviously, the ordinary process for the determination of linear 
correlation was not proper for these tests. The values for the vari- 
ates were not in terms of any unit for objective measurement, nor 
could they have been so expressed. Consequently, the procedure 
available was that of correlation from ranks. This is a modified 
form of the usual linear type of correlation adapted for the use of 
the ranks of the two variates instead of their actual values, Pearson 
(1907) and Crist (1940). 

Some extension of the rank-correlation procedure, with respect 
to its error, was required because of the relatively small values for 
‘‘n’’ (the number of samples) in each of the various tests. Pearson’s 
] ae p” 
formula for the error of the rank-correlation coefficient : 900 memesnntes 

Vn 
(1 + .086 p?+.013 p*+-.002 p*) is based on, and only applicable for, 
large samples. 

Accordingly, the coefficients of correlation from ranks (p) were 
converted to ‘‘r’’ values (ordinary linear correlation coefficients) by 


TT 
emploving the relationship used by Pearson (1907): r = 2 sin (—p). 
§ ° 
values, after 


Fisher’s (1936) equation: z= 1% [log, (1 + r) —log. (1—r)], for 


%? 


The ‘‘r’’ values, in turn, were transformed into ‘‘z 


9”? 


use with small samples. The standard error of ‘‘z’’ was taken to be 


1 
—_———. The division of ‘‘z’’ by its error, the equivalent of multi- 


V n’—3 

plying it by VY n’—3, gives a product that is a normal deviate. 
Through this deviate the significance of ‘‘z,’’ and hence of its cor- 
responding ‘‘r’’ and ‘‘p,’? was determinable from a table for normal 
probability. Fisher’s ‘‘t’’ table was used, with P = .05 taken as a 
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maximum for indicating significance. The coefficients of rank cor- 
relation are given (Table 1). 

Operator ‘‘C’’ has the largest number of significant coefficients 
(Table 1); this amounts, however, to only two in a total of 12. 
Each operator has one or more negative coefficients, with no one 
of these being significant. Mean coefficients for the nine operators 
appear in the last column of the table. Six of these means are sig- 
nificant. Only one of these six (G) is as high as .5, the minimum 
point that may be taken for the indication of a degree of correlation 
that is at all strong. No one of the differences between the coefficient 
for ‘‘G’’ and those for the other operators is significant. 

With respect to the mean coefficients for the different tests, eight 
of the 15 show significance. Six of these are above five-tenths in 
their magnitudes, the highest being .732 for the single test with 
the peach. The coefficients for all the tests on each fruit are all 
significant. Only the one for the peach (single test) is as high as 
five-tenths. 

The general mean coefficient for all the tests (96) is significant, 
but its magnitude is small, being only .363. Consideration of the 
entire number of particular coefficients (96) shows only five that 
are significant, all of these being positive in character. 

It can be stated, of course, that should the magnitude of ‘‘n’,’’ 
in the specific tests, be increased sufficiently, significance of these 
coefficients would increase and become more general. This increase, 
however, imposes an apparently insuperable experimental difficulty. 
In the tests that were made the value of ‘‘n’’’ ranged from five to 
10. The operators invariably objected to the use of more than five 
or six, seven at the most, samples in duplicate in any single test. 
They asserted that the inclusion of any more samples led to almost 
hopeless neutralization and frustration of their senses. 

Suppose, however, this were not the situation and it were possible 
sufficiently to increase the number of samples for each test. The 
magnitudes of the coefficients that could be expected to eventuate 
therefrom would still be a necessary and important consideration. 
On the basis of the coefficients for these 96 tests the magnitudes, al- 
though significant, would not be convincingly high. With respect 
to the 96 coefficients, 55 are as high as, or higher than, .5 and six of 
the 55 have negative signs. Forty-one are below .5, and 14 of the 
41 are negative in character. 

Again, observe that the mean coefficients given in the table in- 
volve summed values of ‘‘n’—3,’’ and hence are associated with 
larger numbers of observations. Nineteen of the 29 means show sig- 
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nificance. Only eight, less than one-half of the 19, are as great as, 
or greater than, .5 in their magnitudes. 

It must be concluded that the ordinary tasting-panel method, as 
tested by the criterion of correlation in trials by duplication, is ques- 
tionable. Either its improvement or its abandonment appears to be 
necessary and imperative. Tests, designed for its closer control and 
examination, are now under way. The results from the first three of 
these tests can be reported. 

An arrangement for the exercise of vision, scent, and taste, sep- 
arately and jointly, on the same series of samples was affected. The 
practice of attempting to seore specific properties of the sample was 
abandoned, and the sample was judged as a unit. A second inno- 


TABLE 2 
Rank-Correlation Coefficients in Test With Frozen-Pack Red Raspberries 


Vision taste 





0.982" .286 
0.964 * 875? 
0.964 ? 89% | .750 
1.000? 325 


| oo | Vision and 
| 


| 
| 

0.857 | 536 
| 


0.929? 036 .189 
0.964? 286 .750 





Mean Ss dastuaaeaantonaimaleuabvedsnts 0.949 ? r gt 530 








1 Indicates significance—five-per cent level. 


vation was that of designating a standard (sample of supposedly 
lowest quality) as unity, and scoring the others upwards from it 
as a fixed base. 

In the first place, the operator ranked the series by sight alone, 
or according to the general appearance of the several samples. He 
then repeated this effort, the order of placement of the samples in 
the series having been changed. Next, he was blindfolded, and in 
the same manner of operation, exercised solely his sense of taste. 
Finally, he was allowed to affect duplicated ranking through the 
joint use of both vision and taste. 

The first experiment of this kind was on frozen-pack red rasp- 
berries. The series consisted of seven distinct varieties of this fruit, 
all packed in the same manner (40 per cent syrup). The varieties 
were Chief, Cuthbert, Takoma, Viking, Taylor, Newburgh, and 
Latham. The Chief variety was used as the fixed standard. 

Six of the seven coefficients for vision alone are significant 
(Table 2). This is true for but one of the coefficients in each of 
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the other two categories. All three of the means are significant. 
Owing, however, to the small magnitude of n’—3, it being only 
four in each single test, the difference between the mean coefficient 
for vision and either of the other two means is just short of being 
significant. 

Let us consider a second test in which the fruit was pitted sweet 
cherries, of the Bing variety, frozen-packed in seven different ways. 
The packs were as follows: no sugar (selected and used as the 
standard), 10+1, 6+1, 6+1 (% corn sugar), 5+1, 30 per cent 
syrup, 40 per cent syrup. The procedure was the same as that for 
the red raspberry test. The operators were the same persons. 

Again, five of the six coefficients for vision alone are distinctly 
significant (Table 3). No one of the coefficients for taste alone is 


TABLE 3 
Rank-Correlation Coefficients in Test With Frozen-Pack Sweet Cherries 





| Vision and 
taste 





Taster Vision Taste 





0.821 —.125 | 1.000? 
0.929 ° | .768 0.696 
0.929 ? | 179 0.732 
1.000" 171 0.334 
0.875! | 500 0.821 
0.911 * | 586 | 0.018 


Mean 0.911 * 3067 0.600? 











1 Indicates significance—-five-per cent level. 


significant, and only one of the six for combined vision and taste. 
All three of the means are significant. The difference between the 
mean coefficient for vision and that for taste is significant. The dif- 
ference between the mean coefficient for vision only and that for 
vision and taste combined does not distinctly show significance. 

The third special experiment to be reported was designed to test 
the sensitivity and the accuracy of the sense of smell. The samples 
used were frozen-pack red raspberries—duplicates of those reported 
upon through the data (Table 2), except for the exclusion of the 
Takoma variety. The operators were the same persons. The operator 
was blindfolded, and while prevented from seeing, made duplicated 
tests on the six samples by (a) scent alone, (b) taste alone, (¢c) scent 
and taste together, and (d) unblindfolded, using eyes, nose, and 
taste in combination (Table 4). 

The failure of the nose is self-evident, but two of the coefficients 
are above five-tenths and no one of them, nor the mean either, is 
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significant. Scent shows itself to be less sensitive and even less ac- 
eurately discriminative than taste. Distinction among the odors of 
the several samples was, with one exception (C), recognized and 
affirmed by each operator, but he was mostly unable accurately to 
sense and rank these differences in odor. 

Once more, the eyes seem to have it. When admitted in the oper- 
ation, they tended, as in the other instances (Tables 2 and 3), to 
offset the inconsistent behavior of the other senses. 


TABLE 4 
Rank-Correlation Coefficients in Tests With Frozen-Pack Red Raspberries 








Taste and Scent, taste, 
Taster Scent Taste scent ‘aon 





—.200 .400 —.114 
.600 429 314 
Insensible .029 .600 
886 .800 A86 
171 457 | .743 
.029 .714 743 








299 472° 462? 











1 Indicates significance—five-per cent level. 


DISCUSSION 


There is a sort of proverb in American trade, which says: ‘* The 


? 


people buy with their eyes.’’ Commercial confidence in this proverb 
is almost supreme. It forms the principal basis for modern adver- 
tising and the preparation and display of consumer’s goods. Appar- 
ently, as indicated by the effort of the judges in these experiments, 
this state of things is well founded and justified. The American 
environment is such that by far the most abundant, constant, and 
forceful stimuli for the senses of the people are those which reach 
and affect their eyes. They come to be virtually all eyes, with the 
other senses left relatively undeveloped and unrefined. They buy 
with their eyes and, although this way of doing it may not be en- 
tirely consistent with respect to quality as regards taste and odor, 
it is consistent from the standpoint of ability to form similar judg- 
ments in successive trials and selections. 

We are waiting for the discovery of some all-inclusive and 
authentic technical method, or sets of methods, for the determination 
of quality in packed fruits and also vegetables. While waiting, three 
alternatives for procedure present themselves. 

An effort could be made to professionalize the business of tasting 
packed foodstuffs. This would, theoretically at least, lead to per- 
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petuated classes of operators similar to ‘‘wine tasters’’ and ‘“‘tea 
tasters.’’ In these persons the senses of taste and smell could be 


made sufficiently vital and delicate to distinguish accurately and 
successively even the finest differences in quality. This, however, 
assumes the truth of the reputed efficiency of the wine and the tea 
tasters. Possibly their reputation has merely, or at least mainly, 
only traditional authenticity. We are not aware of their operations 
having been subjected to rigorous biometrical control, analysis, and 


interpretation. 

Secondly, there is the alternative of discarding the practice of 
using ‘‘tasting panels’’ and having simply ‘‘looking panels’’ in their 
place. This would conform with the buying public’s main way for 
inspection and selection of its edible products. It would mean reli- 
ance on the proposition that an actual correlation between appearance 
and taste does exist, and that good-looking products are in general 
acceptably good in taste. Furthermore, this recourse would have for 
its justification the fact that the average American housewife can 
be counted upon to prefer and to serve a fine-looking, but not neces- 
harily fine-tasting, product. Her vanity is said to be in the looks of 


’ 


the thing more than in its taste. 

Finally, there is the possibility of conducting additional experi- 
ments with the prospect of devising some type of experimental 
cireumstanece which will facilitate a more accurate and consistent 
exercise of the sense of taste, either alone or jointly with vision and 
smell, in ordinary operators. This, we now have under way. The 
difficulties are many and especially subtle, because the elements in- 
volved are so largely psychological, or in other words, are mainly 
subjective in nature. Hope for suecess is not especially bright. To 
expect a degree of experimental refinement and adaptation that ean 
measurably and quickly confer acuteness upon inherently dull hu- 
man senses, is probably too great an expectation. 
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There has been a constant search for new chemical disinfectants 
which more nearly approach the ideal, particularly in being low in 


toxicity, readily soluble in water, and high in deodorizing and germi- 
cidal properties. Various forms of chlorine compounds possessing 
disinfectant properties have more nearly met these requirements than 


any other product, and as a result their consumption today probably 
surpasses that of all other chemical disinfectants combined. 

The use of orthophenylphenol and its salts as disinfectants has 
not yet been widely accepted as a means of commercial sterilization. 
There has been insufficient experimental work done with these disin- 
fectants to establish definitely their safety and effectiveness when 
compared with other well-established germicides. The new disinfect- 
ants to be considered in this research are the orthophenylphenols,' 
a group of phenolic derivatives which have bez demonstrated in 
the laboratory to possess high germicidal properties. 

There is some evidence that these substances are effective in the 
presence of organic matter. It is the object of this research to com- 
pare the germicidal effectiveness of two of the orthophenylphenols 
with certain chlorine disinfectants in the presence of organie matter 
(oyster liquor) under controlled conditions of pH and temperature. 


HISTORICAL REVIEW 

Tilley, MaeDonald, and Schaeffer (1931) studied one of the 
higher phenols, orthophenylphenol, and described it as being an 
odorless disinfectant which was effective against Mycobacterium 
tuberculosis. Like many of the higher phenols, orthophenylphenol 
is practically insoluble in water but is readily soluble in the presence 
of certain soaps and alkalies. In their report, Tilley and coworkers 
show that a concentration of orthophenylphenol as low as 1:200 
with a soap concentration of 1:100 was effective in killing Myco. 


* We are indebted to the Dow Chemical Company for these chemicals. 
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tuberculosis at a two-minute exposure in the presence of a high 
percentage of organic matter. 

The phenol coefficient as determined by the Food and Drug 
Administration method for sodium-ortho-phenyl-phenate against 
Eberthella typhosa and Staphylococcus aureus at a temperature of 
20°C.(68°F.) is said by the manufacturer to be the same both in the 
presence and absence of organic matter (two per cent peptone, one 
per cent gelatin). The toxicity coefficient, as determined by the 
Worth Hale method, for this compound is 18 as compared with 100 
for phenol. It is readily soluble in water, has a high penetration 
power, and a rather pleasing odor which quickly disappears. The 
manufacturer also states that sodium-chlor-ortho-phenyl-phenate 
possesses a phenol coefficient of 96 for Eber. typhosa and 100 for 
Staph. aureus. It too is readily soluble in water but has a slight 
unobjectionable odor. 

The presence of organic matter has been shown to reduce the 
germicidal power of chlorine disinfectants. The factors of pH and 
temperature have also been shown to influence chlorine disinfection. 
Greater germicidal action has been demonstrated with chlorine solu- 
tions at pH 6 and pH 7 than at pH 8. Irrespective of pH effect, an 
increase in temperature causes a corresponding increase in germicidal 
action. 

EXPERIMENTAL PROCEDURE 

The studies in this investigation deal with the comparison of 
sodium-ortho-phenyl-phenate and sodium-chlor-ortho-phenyl-phenate 
with ealcium hypochlorite and Para-toluene-sodium-sulphonchlora- 
mide, at various concentrations, in the presence of 10 ¢.c. of oyster- 
liquor matter at a temperature of approximately 20°C. and under 
the influence of pH values 6, 7, and 8. Preliminary work with oyster 
liquor had verified the findings of Griffiths (1937) and showed that 
oyster liquor as it exists in the open market has a high natural 
microbial flora. Therefore it was found unnecessary to add an 
artificial inoculum in these studies. 

The organic load was determined by heating duplicate weighed 
10-¢.c. portions of raw oyster liquor in an oven at a temperature of 
70°C.(158°F.) under 15 inches of vacuum for 12 hours. Ten ecubie 
centimeters of oyster liquor was diluted with 90 ¢.c. of disinfectant 
solution so that the concentration of liquor solids in each experi- 
ment was 10 per cent of that found in the original raw liquor. 

All experiments were carried out in a water bath maintained at 
an average temperature of 20°C. Two flasks of consecutive disin- 
fectant concentrations were suspended in the water bath in order 
that one dilution could be tested while the other was being brought 
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to the desired temperature. A Beckman glass electrode was employed 
in all pH determinations since previous workers, Cullen and Austin 
(1918), had pointed out the inaccuracy of indicators in determining 
the pH of hypochlorite solutions. 

The germicidal power of the disinfectants was demonstrated by 
considering a wide range of concentrations. Fresh stock solutions 
were prepared prior to each experiment. The first dilution was made 
by accurately weighing out two grams of the disinfectant in ques- 
tion, transferring it to a 500-c.c. volumetric flask, and then making 
up the volume with distilled water. This gave a dilution of 1/250 
or a concentration of .4 per cent of the disinfectant. Other concen- 
trations, .2, .05, .0125, and .008 per cent respectively, were prepared 
from the initial concentration by the dilution method. From these 
stock solutions eight different concentrations, .2, .1, .05, .025, .0125, 
.0063, .004, and .002 per cent respectively, were made by adding 
enough distilled water to a measured amount of a suitable stock 
solution in a small flask (125 ¢.c. capacity) so that when the oyster 
liquor was added the final volume in the flask would be 100 e.c. 

To keep the bacterial numbers constant throughout each set of 
experiments, the oyster liquor was held in an ice bath at a temper- 
ature of 0 to 10°C.(32 to 50°F.). Before each experiment a plate 
count was made on the oyster liquor not only to give an index as 
to the number of microérganisms present per cubic centimeter, but 
also to give some idea as to what dilutions would be necessary to 
obtain accurate counts in the experiment. 

As previously mentioned, one series of tests was carried out at a 
pH value of approximately 6, one at approximately 7, and one at 
approximately 8. To obtain the desired pH, an aliquot of each oyster 
liquor disinfectant mix‘ure was titrated (using acid or alkali as 
needed) to the desired pH. An equivalent amount of acid or alkali 
was then added to the corresponding oyster liquor-disinfectant mix- 
ture. This was necessary in order to avoid exposure of the bacteria 
in the oyster liquor to the disinfectant during the titration. Normal 
and normal 10 hydrochloric acid or sodium hydroxide were used and 
added in such amounts as not to create significant changes in volume 
of dilution. 

Thus in the actual tests the solution of disinfectants was adjusted 
in pH before the oyster liquor containing the bacteria was added, 
and in such a way that the final pH approximated that desired for 
the test. Mechanical stirring was employed for about 10 seconds after 
the oyster liquor was added and again just prior to withdrawing each 
sample. One-c.c. samples were withdrawn at three-minute intervals 
over a period of 12 minutes. Suitable dilutions were prepared, 
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plated with Standard Methods Nutrient Agar, and incubated at 
37°C. (98.6°F.) for 48 hours. At the end of each test the pH was 
determined and recorded as the pH of the experiment. 


EVALUATION OF TEST SOLUTIONS 

A ealeium hypochlorite compound containing 15 per cent of 
available chlorine was used for comparison with the test substances. 
This disinfectant was chosen not only because of its popularity in 
the oyster industry, but also because a one-per cent solution of this 
ehlorine compound contains less parts per million of available chlo- 
rine than the other chlorine compound, Para-toluene-sodium-sulphon- 
chloramide. 

Stock solutions of the calcium hypochlorite disinfectant having 
concentrations (by volume) similar to those used in the test sub- 
stances were prepared and the parts per million of available chlo- 
rine were determined according to the technique given in Standard 
Methods of Milk Analysis (1934). The results of triplicate titrations 
were averaged and the concentration of available chlorine for each 
solution was calculated on the following basis: one e.e. of .1 N sodium 
thiosulfate solution is equivalent to .003545 gram of available chlo- 
rine. Also stock solutions of Para-toluene-sodium-sulphonchloramide 
containing approximately the same concentration of available chlo- 
rine were prepared and from these the eight different test concentra- 
tions were made. 

INFLUENCE OF OYSTER LIQUOR 

The results of determinations of the germicidal strength of 
sodium -ortho-phenyl-phenate, sodium-chlor-orth-phenyl-phenate, cal- 
cium hypochlorite, and Para-toluene-sodium-sulphonchloramide in 
the presence of 10 per cent concentration of oyster liquor, at an 
average temperature of 20° + 2°C. and pH values of 6, 7, and 8 
are presented (Tables 1, 2, 3, and 4). Because of the amount of 
work involved it was necessary to carry out the test at each pH as 
a separate experiment. Therefore, fresh oyster liquor was necessary 
in each test, resulting in some variation in microbial numbers and 
in total solids. Between tests these variations sometimes were rather 
wide and rendered some comparisons unreliable. Nevertheless a 
glance at the tables shows that in the presence of oyster liquor the 
higher concentrations of all the disinfectants tested (regardless of 
pH and microbial numbers) produced a 99-per cent reduction in 
numbers, whereas the lower concentrations showed practically no 
reduction. 

The materials used for the tests reported (Table 1) contained 


approximately the same numbers of microédrganisms and total solids 
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and therefore the results at the different pH values are comparable. 
In this table the effect of pH is very pronounced. It is apparent 
that the sodium-ortho-phenyl-phenate is more actively germicidal 
(particularly in concentrations of .025 to .004 per cent inclusive) in 
the acid and alkaline reactions than in the neutral reaction. In the 
alkaline pH, the 12-minute exposure produced greater killing than 
did the three-minute at the lower concentrations of the disinfectant. 
In the acid pH there was no significant difference in results between 
the two exposure periods. 

In the tests on the germicidal action of sodium-chlor-ortho-pheny]- 
phenate (Table 2) the number of microérganisms varied from 68,000 
to 3,100,000 per ¢.c. and it is therefore impossible to determine defi- 
nitely the effect of pH on microbial reduction. Some comparisons 
between these results and those in Table 1 can be made, for example, 
in the tests carried out at pH 6 both substances had relatively the 
same number of organisms (Tables 1 and 2). At a concentration of 
.002 per cent sodium-chlor-ortho-phenyl-phenate brought about a rela- 
tively great reduction, whereas sodium-ortho-phenyl-phenate brought 
about relatively little. Although there were considerably greater num- 
bers of bacteria in the tests with the sodium-chlor salt at pH 7 and 
pH 8 (Table 2) than in similar tests with the sodium salt, the former 
showed significantly greater reductions in the lower concentrations. 

The concentrations of calcium hypochlorite (Table 3) were the 
same as those of the sodium and sodium-chlor salts, and likewise 
covered the effective germicidal limit at the acid, neutral. and alka- 
line reactions. If the differences in numbers of bacteria at the three 
pH values are not sufficiently great to influence the germicidal action, 
then this disinfectant was equally effective at all pH ranges. If, on 
the other hand, the 2,800,000 bacteria per cubic centimeter in the 
test at pH 6 are sufficiently greater than those of pH 7 and pH 8 
to influence germicidal action, the conclusion could be drawn that 
calcium hypochlorite was more effective at an acid pH. This same 
line of reasoning applies to the total solids contents, indicating that 
in the presence of greater total solids the disinfectant produced 
equally as great germicidal action. 

Although the numbers of microérganisms were greater in the 
tests with the calcium hypochlorite than in those with sodium-ortho- 
phenyl-phenate, the killing effects were relatively the same. 

When the bacterial numbers of the calcium hypochlorite tests are 
compared with those of the sodium-chlor-ortho-phenyl-phenate tests, 
such wide variations exist that comparisons of the results are of 
doubtful value. However, at pH 7 bacterial numbers and total solids 
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content are somewhat the same and the sodium-chlor salt appeared 
definitely more effective in the lower concentrations. At pH 8 the 
sodium-chlor salt was also more effective in spite of greater numbers 
of bacteria. At pH 6, it was also more effective but this may have 
been due to smaller numbers of bacteria than were present in the 
calcium hypochlorite test. 

The three tests with Para-toluene-sodium-sulphonchloramide (Ta- 
ble 4) contain relatively the same numbers of bacteria per cubic 
centimeter and the same amounts of total solids, and are therefore 
comparable. Approximately the same percentages of bacterial redue- 
tions are noted in the tests carried out at pH 6 and pH 7. At pH 8 
much less killing effect is noted even in the greater concentrations of 
the disinfectant. 

TABLE 5 
Effect of pH Values of 6, 7, and 8 on Bacterial Viability in 
Presence of Oyster Liquor? 


Final pH 
Time of exposure 


6.02 7.04 8.00 
min, 
3 4,000 4,200 4,000 
6 3,900 3,900 4,000 
9 | 4,500 4000 || aceaae 
12 4,000 4,200 4,000 


1 Bacterial count of diluted oyster liquor was 4,000 per cubic centimeter. 


At pH 7, the Para-toluene-sodium-sulphonchloramide was equally 
as effective as the calcium hypochlorite (Tables 3 and 4) although a 


oe 


greater number of organisms was present in the former. At pH 
this same compound was distinetly less effective than the calcium 
hypochlorite when relatively the same numbers of microérganisms 
and total solids were present. 

In the tests with sodium-chlor-ortho-phenyl-phenate and Para- 
toluene-sodium-sulphonchloramide (Tables 2 and 4) wide variations 
occurred in microbial numbers at pH 6 and pH 7 so that accurate 
comparison cannot be made. At pH 8 the sodium-chlor salt was more 
effective than Para-toluene-sodium-sulphonchloramide even though 
greater numbers of microdrganisms were present in the tests with 
the former. 

INFLUENCE OF PH IN ABSENCE OF DISINFECTANT 

The effects of various pH values in reducing bacterial numbers 
in the absence of disinfectants was determined. The test was carried 
out by diluting 10 ¢@.c. of oyster liquor with sterile distilled water 
to 100 ¢.c. and adjusting respective samples to pH values 6, 7, and 8 
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according to the technique previously described. The effect of these 


pH values on bacterial viability at an average temperature of 20° + 
2°C. in the presence of .36 per cent oyster-liquor solids are shown 
(Table 5). 

The pH values obtained show but slight variation from those 
desired. No reduction in bacterial numbers during an exposure 
period of 12 minutes was evident. This indicates that the variations 
previously noted in the killing effects are not the direct results of 
hydrogen-ion concentration but rather the result of increased ger- 
micidal activity of the disinfectants at the different pH values. 


SUMMARY 

Studies were carried out to determine the effect of oyster liquor 
on the disinfectant properties of two orthophenylphenol compounds 
(sodium-ortho-phenyl-phenate and sodium-chlor-ortho-pheny]-phenol ) 
and two chlorine compounds (calcium hypochlorite and Para-toluene- 
sodium-sulphonchloramide). These tests were carried out at various 
concentrations of the disinfectants in the presence of 10 per cent 
oyster liquor at 20°C.(68°F.) and at the approximate pH values 
of 6, 7, and 8. 

The effective germicidal concentrations of all disinfectants were 
determined although wide variations in microbial numbers existed in 
the different tests. Sodium-ortho-phenyl-phenate was more germicidal 
(particularly in concentrations of .025 to .004 per cent inclusive) in 
the acid and alkaline reactions than in the neutral reaction. 

Because of extreme variations in numbers in the microflora in the 
tests with sodium-chlor-ortho-phenyl-phenate, the effect of pH cannot 
be determined. If the tests of the sodium-chlor salt are compared 
with those of the sodium salt, however, it can be concluded that the 
former compound is the better germicide. 

Calcium hypochlorite at pH 6 brought about greater reduction 
than at pH 7 or pH 8. A comparison of the germicidal power of this 
compound with the sodium-chlor salt at the neutral and alkaline 
reactions indicates that the latter compound is superior in lower 
concentrations. 

The Para-toluene-sodium-sulphonchloramide compound appears 
to be more effective at the acid and neutral reactions than at the 
alkaline reaction. At the alkaline reaction this compound was less 
effective than either calcium hypochlorite or the sodium-chlor-ortho- 
phenyl-phenate compound. 
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The macadamia is a semitropical nut indigenous to Queensland 
and New South Wales, Australia, whence it was introduced to Ha- 
waii about 1892. The Hawaiian Islands seem to be the only place 
in the United States where the macadamia has achieved commercial 
importance. Here the industry is based on the smooth-shell type 
(Macadamia ternifolia var. integrifolia). Because of the difficulties 
in cracking the thick, fibrous shell and the improvement in flavor 
resulting from cooking, the macadamia is marketed principally in 
the cooked, salted-kernel form, vacuum-packed in glass. Though 
resembling other nuts it has a characteristic, delicate flavor. 

Problems relating to the culture, selection, grading, and process- 
ing of the macadamia have been treated in bulletins of the Hawaii 
Agricultural Experiment Station — Pope (1929), Ripperton, Molt- 
zau, and Edwards (1938), and Moltzau and Ripperton (1939). 

Thompson (1915) and Pope (1929) have published analyses for 
proximate composition of raw macadamia nuts. Ripperton, et al. 
(1938), by making ether-extract and specific-gravity determinations 
of the oil content of 34 rough-shell and 60 smooth-shell kernels 
selected at random from commercial samples, showed a close cor- 
relation between specific gravity and the oil content. Nuts with a 
specific gravity of less than one contained from 73 to 80 per cent 
fat, whereas those with a specific gravity greater than one varied 
from 60 to 73 per cent fat. They also determined that the percentage 
of total sugars in normal mature kernels of low specific gravity 
varies from three to five per cent. 

This paper presents data on the proximate composition, calcium, 
phosphorus, and iron of the cooked nuts and the thiamin content of 
the raw and cooked products. 


EXPERIMENTAL PROCEDURE 


Vacuum-packed nuts in the raw and cooked states, but without 
salt, were obtained from a commercial factory in Honolulu. The reg- 
ular method of processing the nuts may be summarized as follows: 


* Published with the approval of the director as Technical Paper No. 80 of the 
Hawaii Agricultural Experiment Station. 
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After being husked, the unshelled nuts are dried in a stack drier 
with artificial heat at a temperature of 43.3°C.(110°F.) for three to 
five days, the time varying for different lots of nuts. The kernels 
are removed from the shells by mechanical crackers and graded for 
quality on the basis of specific gravity in a salt solution. Grade 1 
kernels, with -a specific gravity of less than one and therefore a 
high fat content, are used for cooked, salted nuts marketed in glass 
containers. Others with slightly lower fat content are of lower grade 
and are sold to the candy, ice cream, and bakery trades. Before 
cooking, the kernels are dehydrated to a moisture content of 1.5 
per cent by drying in a foreed-draft oven for about eight hours 
with an initial temperature of 110°F. and a final temperature of 
76.7°C.(170°F.). The dried kernels are cooked in a vat of refined 


a b € 


Fig. 1. Smooth-shell macadamia nuts showing (a) husk, (b) shell, and (c) kernel. 


coconut oil at 135°C.(275°F.) for 12 to 15 minutes. After being 
salted they are vacuum-packed in glass jars. 

Two samples, representative of the factory run of Grade 1 cooked 
nuts, obtained five months apart, were analyzed separately. Each 


sample of 12 to 16 ounces was finely cut with a stainless-steel knife 


on a bakelite board and thoroughly mixed. All analyses were in 
triplicate. Methods of the Official Agricultural Chemists (1935) were 
used as follows: protein, Gunning; crude fiber, tentative for nuts; 
phosphorus, official volumetric; ether extract, continuous extraction 
of finely cut nuts for 12 hours, then samples ground in glass mortar 
and extraction continued for another eight hours. Moisture was 
determined by drying for 48 hours at 65°C.(149°F.) and then 24 
hours in vacuo over H,SO,. 

Triplicate samples were ashed in an electric muffle at a tempera- 
ture below 450°C.(842°F.) dissolved in HCl (1+ 4), and filtered. 
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The residue was reashed, dissolved, added to the original filtrate, 
and the whole made to volume. Aliquots of each sample were used 
for calcium, phosphorus, and iron analyses. Calcium was deter- 
mined by the MeCrudden (1911) volumetric method. The ortho- 
phenanthroline method for the production of color as recommended 
by Saywell and Cunningham (1937) was used for the colorimetric 
determination of iron in the ash solutions. Readings were made in 
a photoelectric colorimeter. 

Thiamin assays were made by the biological method described by 
Miller (1939), and the vitamin A assay was made by an unpub- 
lished biological method of this laboratory. 


RESULTS AND DISCUSSION 
Chemical compositions of the two samples of macadamia nuts 
were found to be similar (Table 1). The roasted macadamia nuts 


TABLE 1 
Composition of Cooled, Unsalted Macadamia Nuts 





Constituent Sample 1 Sample 2 

wininnietitl : pet. pet. 
SRE ae Se an NONE TON e er Eee roe PE ee nee Rey ne ae 1.2 1.4 
Protein (NX 6.25) 9.3 | 9.2 
IE I cicnt asin vsesttsnrs/iciecabvicioisiavcicincemaspomeniswbes 78.7 | 77.6 
aS TI osssicesccccscsce sso sens ic deliseideussouaeaevarebinesaemnerancesCae> 1.8 (1.8)? 
Carbolydrate Ciry Giferemce) ..2..0.cecseessscoscsscvesescovevecceseees 7.6 8.6 
ee eieicsiscaiainspsiondivsvenccinicnsipisiaiasinieindeiasiaaisianigiacesiiseiaibasl 1.37 1.41 
RN isicerscsssiccterccitceecees Mju ibeaaedana shapuneeniamabeatiied 0.055 0.051 
BN iecicinscactibsi Saastucesneennsiaeaseneimatindooenansieeaciiilecannens 0.241 0.240 
Re a nO Reet eens ee eee eae 0.00189 | 0.00210 


1From Sample 1. 


analyzed contained an average of 9.3 per cent of protein which is 
less than many other nuts (9 to 28 per cent), Sherman (1933). The 
average fat content of macadamia greatly exceeds that of all nuts 
except the pecan. Jaffa (1908) and Sherman (1933) report that 
pecans contain 70 to 71 per cent of fat and Chatfield and Adams 
(1940) report 73 per cent. The average of the fat contents of seven 
samples of uncooked macadamia previously reported by Pope (1929) 
is 73.6 per cent and the average of our two cooked samples is 78.2 
per cent. 

The calcium content of macadamia (.053 per cent) is less than 
that reported for other nuts except cashews—Sherman (1933) and 
MeCanece, Widdowson, and Shackleton (1936). The phosphorus con- 
tent (.241 per cent) is less than chat reported for most nuts. The 
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iron content of .002 per cent is comparable to that of most other 
nuts; walnuts and peanuts are both reported (ibid.) to contain about 
this proportion of iron. The large proportion of caleium (.25 per 
cent) and iron (.004 per cent) usually reported for almonds (ibid.) 
may be due in part to the fact that they were analyzed with the 
brown adhering seed coats, since the average calcium content of 
blanched almonds is reported by Rose and MacLeod (1923) to be 
.185 per cent. 

Raw macadamias show no evidence of pigmentation. Feeding 
experiments failed to demonstrate the presence of any vitamin A, 
as the rats fed roasted nuts succumbed as quickly as those fed only 


TABLE 2 


ss Mean gains in 
Number Average weights 8 weeks 
Daily supplement of - : 
animals At At Final Standard 
weaning | depletion| weights deviation 
Series I | gm. gm, gm. 
43 64 46 
Thiamin, 3 xg 40 64 102 
Raw macadamia nuts, 
40 64 96 


39 65 120 


43 54 

Thiamin, 3 ug 45 73 98 
Cooked macadamia nuts, 

1 gm g 44 73 106 


the basal vitamin A-free diet. Preliminary experiments with a few 
rats indicated that suitable quantities to demonstrate the thiamin 
content of raw and cooked nuts would be .5 and two grams, respec- 


tively, but two grams of cooked nuts resulted in such large gains 


(Table 2) that they were beyond the sensitive part of the curve of 
response. 

A second series of feeding tests was made using one gram of 
cooked macadamia nuts. Using the data for mean gains (Table 2) 
and the curve of response previously published by Miller (1939) 
it was calculated that raw macadamias contain 486 micrograms of 
thiamin (162 I. U. of vitamin B,) per 100 grams and that cooked 
macadamia nuts contain 408 micrograms of thiamin (136 I. U. of 
vitamin B,) per 100 grams. The processing of the nuts, as deseribed 
above, results in a loss of 16 per cent of the thiamin. Cooking in 
deep fat appears to be less destructive of thiamin in nuts than oven 
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roasting. Preliminary experiments in this laboratory indicate a loss 
of about 75 per cent of the thiamin of peanuts owing to commercial 
roasting in the shell, and Booher and Hartzler (1939) report a loss 
of about 78 per cent as a result of oven roasting. 

One hundred grams of cooked macadamias yield 773 calories. 
Thirteen grams (six to seven nuts) contain 100 ealories, 17 I. U. of 
vitamin B,, 6.9 milligrams of calcium, 31 milligrams of phosphorus, 
and .26 milligram of iron. 


SUMMARY AND CONCLUSION 

Two samples of unsalted, cooked macadamia nuts were found to 
have the following average percentage composition: moisture, 1.3; 
protein, 9.3; fat, 78.2; erude fiber, 1.8; carbohydrate, 8.0; total ash, 
1.39; ealeium, .053; phosphorus, .240; iron, .0020. 

Biological tests indicated an absence of vitamin A in macadamia 
nuts. 

In the uncooked state macadamia nuts were found to contain 486 
micrograms of thiamin (162 I. U. of vitamin B,) per 100 grams. 
Commercially prepared, cooked macadamias from the same lot as 
the raw nuts contained 408 micrograms of thiamin (136 I. U. of 
vitamin B,). Cooking the macadamias in hot oil at 135°C.(275°F.) 
for 12 to 15 minutes resulted in a loss of 16 per cent of the original 
thiamin content. 

Commercially prepared, cooked (and salted) macadamias are a 
concentrated food (13 gm. — 100 ealories) and a good source of 


ealeium, phosphorus, iron, and vitamin B,. 
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The nutritive value of leafy vegetables as they are eaten depends 
not only upon the nutritive value of the vegetables themselves and 
the methods used in cooking them but also upon methods of prepara- 
tion, whether the vegetables are to be cooked or eaten raw. 

Preferences exist for certain parts of the edible portion of the 
plant. Thus the outer green leaves of cabbage and head lettuce are 
frequently discarded before the vegetables are eaten. Another cus- 
tom existing in the South, according to Sheets, Frazier, and Dickins 
(1931),* is to diseard the petioles or stems, and perhaps also a large 
part of the midrib of the leaves of certain vegetables when they are 
being prepared for cooking, unless they are young and tender. The 
reasons given for discarding the petiole and midrib are that the 
cooked greens are more palatable and require less time to cook when 
the petiole and midrib are not included. 

Since the most important nutrients supplied by leafy vegetables 
are minerals and vitamins, a knowledge of the relative amounts 
supplied by different parts of the plant is needed if the whole plant 
is not eaten. Moreover, the possibility of concentrating these nutri- 
ents by using only those parts of plants which contain the largest 
quantities should not be overlooked when one is dealing with such 
bulky foods as leafy vegetables. It has, therefore, seemed worth 
while to report information accumulated over a period of years on 
the iron content of different parts of leafy vegetables as well as addi- 
tional information on the iron, calcium, and phosphorus contents of 
some of these vegetables and of turnip greens grown in different 
localities from the same seed. Data on the iron content of green 
and bleached asparagus have also been ineluded, because it was 

? Published with the approval of the director, Mississippi Agricultural Experi- 
ment Station. Paper No. 40, New Series, December 1940. 

* Page 2. 
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felt the data secured were related to those presented on green and 
bleached parts of vegetables. To this information data recently ob- 
tained on the carotene and vitamin C content of different parts of 
the same vegetable have been added. 

The literature relating to the distribution of minerals in different 
parts of leafy vegetables is not extensive. Cowell (1932) analyzed 
the outer green leaves and the inner leaves of cabbage for calcium. 
He found that the calcium content of the outermost leaves of cab- 
bages in summer may be from 20 to 30 times as great as that of the 
inner leaves. The quantity of calcium varied from 476 to 1058 
milligrams per 100 grams of moist leaf in the outer green leaves, 
and from 26 to 53 milligrams in the inner leaves. Hsu and Adolph 
(1935) determined the calcium content of the outer and inner leaves 
of 10 Chinese leaf vegetables, including rape, spinach, leeks, and 
eabbage. The outer leaves contained from two to 20 times as much 
calcium as the inner leaves. Wang (1936) studied the distribution 
of calcium, phosphorus, and iron in 11 different kinds of Chinese 
vegetables, among which were rape, cabbage, spinach, and celery. 
The parts of the plants analyzed were the lamina of the outer leaves, 
the leaf stalk, and the central portion or inner leaves. Calcium and 
iron were found to be most abundant in the lamina of the outer 
leaves, while phosphorus was most abundant in the inner leaves. 
Maranon (1935) analyzed a large number of food plants and plant 
products, including leafy vegetabies, for calcium, phosphorus, and 
iron. He also analyzed different parts of the same plant. In two 
samples of leafy vegetables, beet tops and gabi, the leaves and petioles 
were analyzed separately. The leaves of beets contained 3.17 per cent 
ealecium, 1.27 per cent phosphorus, and .27 per cent iron; the petioles 
contained .52 per cent calcium, 1.28 per cent phosphorus, and .14 
per cent iron. The leaves of gabi contained 2.22, 1.19, and .10 per 
cent, and the petioles 1.14, 1.65, and .08 per cent calcium, phosphorus, 
and iron, respectively. 

The literature relating to the distribution of vitamins in dif- 
ferent parts of leafy vegetables, while more extensive than that on 
minerals, is also incomplete. Levy and Fox (1935) have noted vita- 
min C is higher in alfalfa leaves than in the stalks. The small stalks 
contained more vitamin C than the larger and more fibrous ones. 
Chi and Read (1935) found more vitamin C in the blades of bam- 
boo (Phyllostachys sp.), mustard (Brassica sp.), rape (Brassica 
napus), and rhubarb than in their corresponding stalks. Rangana- 
than (1935) found leaves of spinach and celery to be higher in 
vitamin C than their stalks. Tressler, Mack, and King (1936) found 
about 20 times as much vitamin © in spinach leaves; and Fenton, 





MINERALS AND VITAMINS IN LEAFY VEGETABLES ddd 


Tressler, Camp, and King (1937) about five times as much vitamin 
C in Swiss chard leaves, as in their stems. Mirimanoff (1938) 
stated that bulbs, roots, and petioles were characteristically low, and 
leaf blades characteristically high in vitamin C. Bleached leaves 
were sometimes higher in vitamin C than green leaves; however, 
more data bearing out these generalizations would have been desir- 
able. Osterman (1938) had difficulty in obtaining uniform results 
when leaves of celery were analyzed. The difficulty was found to 
be due to the inclusion of varying quantities of blade and stalk 
(petiole). She found that vitamin C in celery leaves (blades) was 
about three to six times as abundant as in the stalks. Slepykh (1939) 
found vitamin C to decrease from top downward in spinach. 

Steenbock and Sell (1922), in feeding tests, found vitamin A to 
be far higher in green cabbage leaves than in the light yellow leaves. 
Dye, Medlock, and Crist (1927) found green lettuce leaves to be 
far superior in vitamin A to bleached leaves. Crist and Dye (1929, 
1931) found green asparagus to contain large quantities of vitamin 
A while bleached asparagus contained no vitamin A. Guilbert (1935) 
found that alfalfa leaves contain about six times as much carotene as 
the stems. Rice and Bessy of Columbia University, as reported by 
Daniel and Munsell (1937), found leaves of broccoli to contain over 
20 times as much vitamin A as did the stems. In tests on vitamin G 
in alfalfa (not vitamin B.) Heiman, Carver, and Cook (1938) noted 
that alfalfa leaves contained about four times as much as did the 
stems. Tests were made upon soybeans, alfalfa, sweet clover, kudzu. 
Johnson grass, and sweet potatoes by Leonard.* The carotene and 
vitamin C were always more abundant in the leaf blades than in 
the midribs, petioles, and stems. 


EXPERIMENTAL PROCEDURE 

Mineral Analyses: The varieties of most of the different kinds 

of vegetables analyzed were unknown. The majority of the samples 
of cultivated vegetables were obtained from the Department of 
Horticulture or from local gardens. The soil types on which the 
vegetables were grown were also unknown with the exception of 
those on which the Horticulture samples were grown. The lettuce 
samples and one sample of cabbage were purchased from the grocery 
store. These samples were fresh and unwilted and had not been 
trimmed. The lamb’s-quarters and pokeweed were wild varieties. 
Two samples of pokeweed grew in Maryland, the other samples in 
different localities in Mississippi. The two samples of asparagus 
were grown by the Department of Horticulture in the same plot 


* Unpublished work by O. A. Leonard. 
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but in successive years. The asparagus was bleached by placing 
boxes at intervals over small sections of the rows, thereby shutting 
off the light. The bleached stalks were cut above the ground as in 
the case of the green stalks. This was done to avoid excessive con- 
tamination from soil. It would have been very difficult to remove 
all of the soil from the tips and seale leaves on the stalks by washing 
if the asparagus had been cut below the ground. 

The variety of turnip greens, grown by the Department of Horti- 
culture from the same seed but in different localities, was Seven-Top. 
This variety was selected because it has a small root, the growth of 
which would have less effect on the composition of the top than the 
growth of a large fleshy root. It is also a variety commonly planted 
in southern home gardens, especially in fall gardens. The turnip 
greens were grown in the fall in five plots located in different areas 
and representing different soil types. The fertilizer treatment varied 
in accordance with the needs of the soil but was uniform for a plot. 
The areas, soil type, and treatments were as follows: 

Norfolk, Virginia—Keyport sandy loam, 1,000 lbs. per acre 
of 6-6-5 

West Point, Mississippi—Houston Clay loam, 1,000 Ibs. per 
acre of 6-8-4 

Natchez, Mississippi—Memphis silt loam, 1,000 lbs. per acre 
of 6-8-4 

Poplarville, Mississippi—Ruston fine sandy loam, 1,000 Ibs. 
per acre of 6-8-4 

Stoneville, Mississippi—Sarpy loam, 600 Ibs. per aere of so- 
dium nitrate. 

Ten rows of greens were grown in each plot and the greens from 
each row were analyzed separately. 

All samples of vegetables were thoroughly washed in several tap 
waters and usually rinsed in distilled water after roots and damaged 
leaves were removed. The moisture samples were allowed to dry in 
the open air until the visible moisture had disappeared but they 
were not wilted. The outer green leaves of cabbage and head lettuce 
which are often discarded were separated from the inner bleached 
leaves, and the two kinds of leaves were analyzed separately. A por- 
tion of the inner leaves showed some green, the amount depending 


upon the solidity of the head. The separation was made in this way 


sinee the object was to determine the iron content of the vegetables 
as eaten. The petioles, when analyzed separately, were eut off one- 
half to three-fourths of an inch above the crown on the root at one 
end, and at the point where the leaf blade began, at the other end. 
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In the case of turnip greens the petioles were cut immediately below 
the point where the leaf blades began to broaden out. When the 
midrib was included with the petiole, all particles of the leaf blade 
were carefully separated from the midrib. All samples were partially 
air-dried and the drying was completed in an electric oven at about 
100°C.(212°F.). They were ground in a ball mill in porcelain jars 
with flint pebbles. The dried samples were stored in glass bottles 
with nonmetal tops. 

Vitamin Analyses: In order to obtain representative samples sev- 
eral healthy, mature leaves were cut from the plants, placed in paper 
bags, and taken directly to the laboratory within 10 or 15 minutes 
after harvesting. Speed in handling is very important in the deter- 
mination of vitamin C and carotene in plants, hence the leaves were 
handled as rapidly as possible. The leaf blade from only one side 
of the midrib was used, care being taken not to include any of the 
midrib. The leaf blades thus separated were cut with scissors or 
sharp knives into pieces five to 10 millimeters square, care being 
taken to avoid bruising. Samples were weighed at once and alcoholic 
KOH was poured on those to be analyzed for carotene, and extrac- 
tion started immediately. Samples to be analyzed for vitamin C were 
placed in tight moisture cans and analyzed as soon as possible. The 


petiole samples were taken one-half inch from the base of the petiole 
to the point where the blade began to broaden. In some eases, flanges 
of blade tissue were present on the petiole samples. When such 
flanges were present, they were carefully removed and not included 
in the analysis of the petioles. The petioles were cut into pieces about 
five millimeters long, mixed, and representative samples were rapidly 


weighed and analyzed. 
METHODS 

Minerals: Calcium and phosphorus were determined by A.O.A.C. 
methods. A modification of the Kennedy method, used by Sheets, 
Frazier, and Dickins (1931),* was first employed for the iron 
analyses with the use of a colorimeter. Later a modification of the 
o-phenanthroline method-—Sheets and Ward (1940)—of Saywell and 
Cunningham (1937) was adopted with the use of a photoelectric 
colorimeter (Ceneo-Sheard Photelometer ). 

Vitamins: Vitamin C was determined following the method of 
Mack and Tressler (1937). A buffered solution (100 ml. of M/15 
KH,PO, and 200 ml. of M/15 Na,HPO, made to a liter) of sodium 
2,6 dichlorobenzenoneindophenol (280 mg.) was used, the dye being 
made following Hausen (1936). The dye was standardized against 


* Pages 6 and 7. 
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ascorbic acid and was made fresh each week when used. Vitamin C 
was calculated as per cent of both the fresh and dry weight. 





Carotene was determined by refluxing a five- or 10-gram sample 
with aleoholic KOH for 40 to 60 minutes, decanting the extract, and 
grinding the residue with petroleum ether and fine quartz sand re- 
peatedly until no more carotene could be extracted from the ground 
tissues. The combined extract was washed with water in a separatory 
funnel and the non-carotene pigments removed, following the pro- 
cedure of Hegsted, Porter, and Peterson (1939), using acetone-free 
diacetone (100 parts of diacetone and six parts of water). The 


TABLE 1 
Iron Content of Green and Bleached Head Lettuce and Asparagus; and Iron, 
Calcium, and Phosphorus Contents of Green and Bleached Cabbage 


Number Dry basis 
Vegetable of Moisture Description 
samples Fe Ca 4 
Cabbage (Brassica oleracea pet. | pet pet. pet 
var. capitata) | All samples 
| ™ 
SPU TOPO scene cavccescccssescronters 4 90.26 | .COB5O | 20.05. | sce young, loose 
Bleached leaves............ccccccsees 4 91:01 | .00500 | ........| «.... heads. 


Cabbage 





PIR ise ccctnietinssinvceteces 2 89.18 | .01717 3.580) 51 Both sam- 
Bleached leaves... 2 92.52 | 00578 | 1.225 65 ples mature, 
Lettuce (Lactuca sativa) solid heads. 
OE BINION is cecverretzisessecsvnce 2 BETS | OSTBE | cccicecs | coo 
Bleached leaves............ssseeceees g oe a. rn 
Asparagus (Asparagus 
officinalis ) 
Bi eresbeccocecinssiciservevensescconsties 2 SE46 | O0G54 | i... | oi 





I radacescaicness coswwwnctncscinnns 2 92.81 | .01603 


washed petroleum ether extract was made to volume and the carotene 
value read in the Cenco-Sheard Photelometer. The readings were 
compared with those on a standard curve made by reading solutions 
of pure beta carotene of known value in the Photelometer. Mackinney 
(1935) found that the leaf carotenes were mainly beta carotene, al- 
though the absolute proportions varied with different species of 
plants. The data were caleulated as parts per million of the fresh 
and the dry weight. 





RESULTS 

Mineral Analyses: The data on green and bleached vegetables 
(Table 1) show that the outer green leaves of head lettuce and cab- 
bage contain from one and one-half to three times as much iron as 
the inner bleached leaves. There was much less difference in the 
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iron content of the two kinds of leaves from the young loose heads 
of cabbage than from the mature solid heads. Most of the inner 
leaves from the young heads of cabbage showed some green, whereas 
in the mature solid heads a much larger proportion of the leaves 
was almost completely bleached. Had the dark green outer layer 
of leaves and the innermost leaves alone been compared, the difference 
in the iron content would undoubtedly have been greater. The same 
would be true of lettuce; that is, the iron content of the leaves par- 


TABLE 2 
Iron Content of Different Parts of Leafy Vegetables; and Iron, 








Number | Dry basis 
Vegetable of Moisture |— $$ $$____—_—— 
samples Fe Ca P 

Collards (Brassica oleracea pet. pet. pet. pet. 

var. acephala) 
No cease cecicrtceccinctonmmunaiene 3 87.51 a a ce 

Pc niccicenanecnctecsatonsicnconassmreinncacses 3 91.63 ae. ee 1 ae 
Turnip tops (Brassica rapa) 

PN MN rc crtapctatetrcteceriteavecsten 2 86.66 ee eas 1 es 

Petioles and midribs..................... 2 92.59 to UE eee 
Mustard (Brassica japonica) 

BE Me acavcsichconisetiicasntocnisaninvints 1 90.66 re, roo 

Petiole and midrib....................000 1 95.32 . es ee eee 

Ne irceivenaprseediiathersiorodanncers nied 5 91.56 c.g 

iii iniaiieicccinietecinieninacitenanneien i) 95.70 eet eas 2 
Lamb’s-quarters (Chenopodium 

album) 

IN oicecsiscnicsiicceeiceuinieeiekouneseee 2 87.81 a 

fo ge | eee 2 92.08 00508 | ..... Sagem 
Pokeweed (Phytolicca decandra) 

BN cictacesiss soeasaastenicchninniuipescieeceioes 7 90.33 .02842 2 59 

| ree 7 94.54 .01236 44 | .49 


1 Leaves included midribs, but not petioles. * Leaf blade did not include petioles or 
midribs. 


alleled the chlorophyll content of the leaves. The green asparagus 
contained from 10 to 15 per cent more iron than the bleached aspara- 
gus. The results were quite comparable in the two samples, althoug 
both the green and bleached stalks grown the first year contained 
about half as much iron as those grown the following year. Only 
the mature heads of cabbage were analyzed for calcium and phos- 
phorus. The green leaves contained about three times as much e¢al- 
cium and somewhat less phosphorus than the bleached leaves. 
Data are given (Table 2) on the iron content of leaves without 
petioles, leaf blades, petioles and stalks, and petioles and midribs, of 
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five different kinds of vegetables. The calcium and phosphorus con- 
tents of the leaves and of the petioles and stalks of one of the vege- 
tables (pokeweed) are included. The midribs were not removed from 
the leaves of collards, the five samples of mustard, lamb’s-quarters, 
and pokeweed but were removed from the leaves of turnip tops and 
one sample of mustard. The stalks to which the leaves were attached 
were included with the petioles in lamb’s-quarters and pokeweed. Only 
the young shoots of pokeweed are used for food, and the stalk as well 
as the whole young leaves are eaten. The stalks of lamb’s-quarters 
were included with the petioles, because the latter are very small 
and it would have required more plant material for analysis than 
could have been easily procured. The data show that the leaves or 


TABLE 4 


Dry Matter and Calcium, Phosphorus, and Iron Contents of Whole Leaf 
in Leaf Blade 


Per cent of whole leaf in leaf blade 





Place - ~ 
Dry matter Ca P Fe 
FN iis dia sctcanccavcsiicincinbineksitmipetesasaseenes 66.9 59.0 74.7 73.4 
West Point.. 67.5 68.0 77.0 82.8 
PN sc crcscoiscousvaecnsteinatinnipensmiencseunices 53.2 53.1 60.9 73.3 
PN sc vcsiacevecscnceenspncctanveceitenaseetoanes 67.0 68.7 71.1 79.4 


I i isicsoistkccacaicshecahincnceldtiesilaisennl 54.8 54.8 67.0 81.4 


leaf blades were much richer in iron than the petioles, midribs, and 
stalks (Table 2). The leaves of collards and mustard contained 
about twice as much iron as the petioles. When the midribs were 
removed from mustard and turnip leaves, the leaf blades contained 
from three to four times as much iron as the petioles and midribs. 
The calcium content of the leaves of pokeweed was higher than that 
of the petioles and stalks in all seven samples with one exception. 
The same was true for phosphorus. 

The data on turnip greens from the same seed are given (Table 
3); the minimum, maximum, and average results on calcium, phos- 
phorus, iron, and moisture in the leaf blade, and petiole and midrib 
combined are given for the 10 rows in each of the five plots. The 
results on calcium, phosphorus, and iron were calculated to the dry 
basis. The per cent of the weight of the fresh whole leaf which is 
leaf blade is also given. The difference between this figure and 100 
is, therefore, the per cent of the weight of the whole leaf which is 
petiole and midrib. 

An examination of the data reveals the following facts when 
comparisons are made of the dry samples on the percentage basis. 
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In all but the Norfolk greens, the iron content of the leaf blade was 
about two to three and one-half times as great as that in the petiole 
and midrib. This was true for most of the individual rows as well 
as for the average of the 10 rows. The percentage of iron in the 
whole leaf was, therefore, less than that in the leaf blade but more 
than that in the petiole and midrib. The calcium content of the leaf 
blade and petiole and midrib was almost the same with the exception 
of the Norfolk greens in which the petiole and midrib of all samples 
eontained more calcium than the leaf blade. The leaf blade con- 


TABLE 5 
Carotene and Vitamin C in Petioles and Midribs of Different Vegetables 





Per cent 
. . of total Carotene— Vitamin C— 
Vegetable Moisture dry weight dry weight dry weight 
of leaf 
Swiss chard pet. p.p.m, pet. 
PP sts scslecinds tg stetaclaceunip once mnmmas an 23 .096 
Me ocasicessecdistivaistiépvedesotasveneseestes in roe 27 131 
Tender greens 
Ne 5 cascics cidscrdsurncennededeiivcseuauhetenen 91.4 20.0 26 ol 
Midrib 90.0 16.5 29 .880 
Collards 
cic ec cacidesdirivanidiepeesesvasiereiies 91.1 13.6 38 .630 
oc sch sn icetbsicoveicssaempousewerrs 90.3 9.4 55 .768 
Dock 
WN dc aisucsapcvcubavevepdnceexsvecindsvotianiers 93.3 22.8 115 428 
NN ides sicasicsscadssnentovcteisatercussienieess 91.8 12.9 158 480 


tained from about one-fourth to three-fourths more phosphorus than 
did the petiole and midrib. 

Vitamin Analyses: From results of analyses of midribs and 
petioles (Table 5) it is evident that the midribs are richer in both 
carotene and vitamin C than the petioles. In order to obtain as true 
a picture as possible of the differences in composition between the 
midribs and petioles, considerable care was exercised in removing 
all of the visible blade tissues from midribs. 

The data on carotene and vitamin C in leaf blades and petioles 
(Table #6) show that minimum differences between leaf blades and 
petioles were obtained by placing the data on a dry basis. Carotene 
was five to 20 times as abundant in leaf blades as in petioles of dif- 
ferent vegetables. Vitamin C varied from slight differences to six 
and one-half times as much in leaf blades as in petioles. The dark 
green variety of Swiss chard (Fordhook Giant) contained 11 per 
cent more carotene in the leaf blades than the light green variety 
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TABLE 6 


Vegetable 


Swiss chard (Beta cicla) 

(var. Fordhook Giant ) 

sss scisadevnsnincveiemcses doevcoseobesiabecbocpsoecmmasocduerensien 

PO cidtilininncenssamaninnucnnt ‘ 
Swiss chard (Lueullus var.) 

BI cris psksncsaunncoenticioiiisastinisiadinceynsainiibeereiuccone 

I pasenvccecokcuseinueabtulecvebrecisbeyeuistcbmenevevsdreatesereseren 
Garden beet (Beta vulgaris) 

ila ce a alloca soipalominsladclie 

Petiole 
Spinach (Spinacia oleracea) 

ica acc ncicpnsscioososie tesiopricas cceaies spbnaenalinincinainoeteacbasies 

Petiole 
Dock (Rumez cripus) 

No ssc centisniidaeasseseatnnispeian Geet nalodesidsascbontnsa cieaoicmeaiehaiah 

I 66sicc anininocasansputasuncnisiansheadainncuendistanabesentes 
Lettuce (Lactuca sativa) 

Blade 

RE EES aE Re TOR EE ATE TCT 
Sweet potato (Jmpoea batatas) 

INS. sicsadiiencsncapteninecadenecasenecmmianeniaereaeenaae 

BP sincsiisrn cdc voctnansrnicissupeodtesbeioconasinionsannmontcascnia 
Radish (Raphanus sativus) 














RE ES OD eee ee Re ee ee EE 
Turnip (Brassica rapa) 

RIE 3s cacehenesssaeeaniasaendaicabunarioomoncaneinecnein 

Petiole.... 
Tender greens (Brassica rapa) 

RNIN ac scicass ia cemnacostasnucerpeeeksaccasubieebunccenbedbiainienbenavens 

i scscke ctu puncasinesccsceuseseeseseuiustenneeeseesnversesbaniontes 
Rape (Brassica napus) 

Blade... 

roach sion cciscsaiscicnabtnd anne canuiccatentneuoneieimneninne 
Collards (Brassica oleracea var. acephala) 

Ns cessarccsiccsnicsnsacaconsemiemsesevasninooshaetiewenbaaeesaav uote 

Petiole 














Re ee Meee ie te ae Oe RN ae ORC NE eet 


Moisture 


pet. 


91.4 


93.4 
96.3 


80.0 
90.3 


90.4 


96.2 


90.2 
95.4 


87.1 
96.4 


LEAFY VEGETABLES 


Carotene and Vitamin C in Leaf Blades and Petioles of Different Vegetables 


Carotene 
dry weight 


p.p.m, 


516 


26 


650 
117 


856 
112 


792 


123 


511 


26 


(Lueullus). These varieties were grown side by side and collected 
at the same time. Two other comparisons were made with compar- 
able results. There was no significant difference in the vitamin C 
content in leaf blade or petioles between these two varieties. 

Outer green leaf blades of cabbage were higher in carotene and 
vitamin C than the inner ones. There was over 21 times as much 
carotene, and one-half more vitamin C in the green leaf blades than 


Vitamin C— 
dry weight 
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pet. 


0.425 
0.086 


0.453 
0.070 


0.720 


0.200 


0.877 
0.404 


0.422 
0.136 


0.640 
0.154 


0.823 
0.394 


1.142 
0.542 


1.286 
1.162 


1.014 
0.813 


0.796 
0.612 
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in the white, bleached ones. The moisture content of the green leaves 
was 86.2 per cent and that of the white leaves, 91.6 per cent. On 
the dry basis the carotene and vitamin C contents of the green leaf 
blade were 258 p.p.m., and .95 per cent; of the white leaves 12 p.p.m., 
and .65 per cent, respectively. 


DISCUSSION 

Our results on the calcium content of the green and bleached 
leaves of lettuce and cabbage are in agreement with those secured by 
Cowell (1932), and Hsu and Adolf (1935) on cabbage. They are 
also in agreement with the data reported by Bishop (1934) on the 
calcium content of greenhouse cabbage which was not headed and 
field cabbage which was headed. She found that the non-headed eab- 
bage, or that made up entirely of green leaves, contained over eight 
times as much calcium as the headed cabbage. Differences in the 
method of sampling undoubtedly explain the greater difference found 
by Cowell and Hsu in the calcium content of green and bleached 
cabbage as compared with our own results. Cowell analyzed sue- 
cessive layers of leaves from the outermost to the innermost leaves. 
An explanation of the higher calcium content of the outer green 
leaves as compared with the inner bleached leaves may be as follows: 

Since calcium is not appreciably retranslocated after reaching the 
leaf blades, according to Phillis and Mason (1940), it should aeeumu- 
late in leaf blades as they become older. Moreover, calcium should 
accumulate with increased transpiration; therefore, the higher eal- 
cium content of green than of bleached leaves can be explained on 
the basis that the green leaves were not only older but also that they 
should have transpired considerably more water than the bleached 
inner leaves. 

The results on calcium content of leaf blades of turnip greens as 
compared with petioles and midribs are not in accord with those 
reported by Maranon (1935), who found that leaves of gabi and 
beets contained 1.5 and 6.0 times as much calcium as did the peti- 
oles. In four out of five lots of turnip greens (Table 3) calcium was 
about the same in leaf blades as in the petioles and midribs on the 
dry basis. However, the results on pokeweed are in accord with those 
of Maranon. Apparently, different plants vary as to the proportion 
of calcium in leaves or leaf blades and petioles. 

Phosphorus, unlike calcium, may be retranslocated, Phillis and 
Mason (1940). This would explain the smaller differences found 
in the phosphorus content of different samples of turnip greens 
than occurred for calcium and iron (iron being partly mobile and 
partly nonmobile). 
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Iron was much more abundant in the green than in bleached 
leaves, and is parallel with the chlorophyll content, as has already 
been pointed out. Chloroplasts, which are present only in the green 
part of the plant, contain iron. This may be an explanation for the 
increased iron in the green leaves. 

Our results on asparagus are contrary to those of Crist and Dye 
(1929) in that they found more iron in the bleached than in the 
green asparagus. Some additional iron may have been present in 
the bleached samples of Crist and Dye as a result of soil contamina- 
tion, since it would have been very difficult to remove all of the soil 
from the asparagus tips and from behind the seale leaves. 

Iron was consistently higher in leaves and leaf blades than in 
petioles and midribs in all the vegetables analyzed, ineluding the 
50 samples of turnip greens (Table 3). It is possible that a greater 
proportion of the iron in the leaf blades was deposited in the insolu- 
ble form and, therefore, accumulated. The leaf blade also contained 
more chloroplasts than the petioles and midribs. There seems to be 
no correlation between the proportion of the weight of the fresh whole 
leaf which is petiole and midrib and the distribution of iron. Thus 
the leaf blade of the Stoneville and Natchez samples of turnip greens 
made up the smallest proportion of the whole leaf; yet the petiole 
and midrib of the Natchez samples contained the highest percentage 
of iron and those of the Stoneville samples the lowest percentage of 
iron in the five lots of greens analyzed. 

Mineral analyses were not made on midrib and petiole separately, 
but the data on collards and the five samples of mustard (Table 2) 
indicate that the iron content of the midribs is similar to that of 
the petioles since there is much less difference between the iron con- 
tent of the leaf, with midrib left in, and petiole than there is between 
leaf blade, and petiole and midrib combined. In other words, the 
midrib diluted the iron in the leaf. 

Carotene and vitamin C were always higher in the midribs than 
in the petioles. A cross-sectional view of the midribs of some of the 
vegetables revealed that they contained a larger proportion of green 
tissues than did the petioles. Since carotene is associated with chloro- 
phyll and greenness, this might explain differences found in carotene 
between midribs and petioles. The explanation for the differences in 
concentration of vitamin C between midribs and petioles is not clear. 

The differences in carotene and vitamin C content of petioles and 
midribs (Table 5) are very small in comparison with differences be- 
tween petiole and leaf blade (Table 6). This is in accord with the 
explanation given above, in regard to carotene, since there is much 
more chlorophyll in the leaf blade than in the petiole. No satisfactory 
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explanation can yet be given for the differences in the distribution 
of vitamin C between leaf blade and petiole. 

The petioles and midribs contained considerably less dry matter 
than the leaf blades; therefore, when the data were calculated on the 
fresh basis the differences in vitamin and mineral contents between 
blades and petioles and midribs were from one and one-half to four 
times greater than when the data were calculated on the dry basis. 
Calcium in the blades and petioles and midribs of the Stoneville tur- 
nip greens (Table 3) averaged the same (2.2 per cent) when the dry 
basis was used ; however, on the fresh basis, caleium was almost twice 
as great in the blades (.255 per cent) as in the petioles and midribs 
(.136 per cent). Vitamin C in tender green petioles and blades was 
about the same on the dry basis, but when expressed on the fresh 
basis, the blades contained about four times as much vitamin C as 
did the petioles. 

The leaf blades made up 33.5 to 65 per cent of the fresh weight 
of the leaves and 45 to 77 per cent of the dry weight. These propor- 
tions are markedly affected by the condition of growth as shown 
(Table 3) and by the point of detachment of the petioles. The peti- 
oles of the leaves were detached close to the root. In vitamin analyses 
in particular but also in mineral analyses, where small samples are 
used, the danger of inclusion of varying proportions of leaf blade, 
petiole, and midrib when the whole leaf is analyzed may increase the 
experimental error many times, making it impossible to interpret the 
data. 

It is evident from an examination of the data presented (Tables 
3, 4, and 6) that when the leaf blade alone is used the greater pro- 
portion of the minerals and vitamins under consideration is retained. 
Thus, leaf blades of turnip leaves (Table 4) contained 53.1 to 68.7 
per cent of the calcium, 60.9 to 77 per cent of the phosphorus, and 
73.3 to 82.8 per cent of the iron present in the whole leaves and 
supplied on an average 60.7 per cent of the calcium, 70.1 per cent 
of the phosphorus, and 78.1 per cent of the iron in the whole leaf. 
Using the Swiss chard data (Fordhook Giant), for example, the leaf 
blades contained 96.3 per cent of the carotene and 86.6 per cent of 
the vitamin C present in the entire leaf (assuming the same composi- 
tion for the midrib as for the petiole). This calculation was based 
on the fact that 45 per cent of the weight of the whole fresh leaf 
was leaf blade. Leaf blades of 12 different kinds of vegetables fur- 
nished from 88 to 96.3 per cent of the total carotene, and from 76 
to 86.6 per cent of the total vitamin C present in the whole leaf. 
When an ample supply of a leafy vegetable, such as collards, turnip 
greens, or mustard, is available, as is often the case in home gardens, 
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it would seem desirable to concentrate the minerals and vitamins in 
the portion eaten by discarding the petioles, or petioles and midribs, 
particularly of the mature leaves. 


SUMMARY 

Different parts of the same vegetables were analyzed for minerals 
and vitamins. The minerals included calcium, phosphorus, and iron, 
and the vitamins included carotene and vitamin C. Iron was deter- 
mined in green and bleached asparagus. 

The green leaves of cabbage and lettuce contained from one and 
one-half to three times as much iron on the dry basis as the bleached 
leaves. The green leaves of cabbage contained about three times as 
much ealeium and somewhat less phosphorus on the dry basis than 
the bleached leaves. 

Green asparagus contained more iron than bleached asparagus, 
but the difference was much less than it was in the green and bleached 
leaves of cabbage and lettuce. 

The leaves of collards, mustard, lamb’s-quarters, and pokeweed ; 
the petioles of collards and mustard; and the petioles and stalks com- 
bined of lamb’s-quarters and pokeweed were analyzed separately for 
iron. The leaves contained about twice as much iron as the petioles 
and two to three times as much iron as the petioles and stalks com- 
bined. The leaf blades of mustard and turnip tops contained from 
three to four times as much iron as their petioles and midribs. 

Seven-Top turnips from the same seed grown in five plots located 
in different areas and on different soil types were analyzed for iron, 
ealeium, and phosphorus. There was significantly more iron in the 
leaf blade than in the petioles and midribs in the turnip greens from 
all five plots. The calcium content of the leaf blades and of the peti- 
oles and midribs was approximately the same on the dry basis, and 
greater for the leaf blade on the fresh basis in the greens from four 
out of five plots. The phosphorus content of leaf blades in all five 
plots was from one-fourth to three-fourths greater on the dry basis 
than that of petioles and midribs. 

The leaf blades furnished 96.3 to 99 per cent of the total carotene 
and 76 to 86.6 per cent of the total vitamin C present in the whole 
leaves of the 12 different vegetables analyzed. Carotene was from 
five to 20 times more concentrated, and vitamin C from about the 
same to six and one-half times more concentrated in the leaf blades 
than in the petioles on the dry basis. When the data were expressed 
as percentages of the fresh weight in carotene and vitamin C, the 
differences between leaf blade and petiole were greater than those 
shown on the dry basis. 
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The midribs of the four vegetables tested had a higher percentage 
of carotene and vitamin C on either the fresh or dry basis than did 
the petiole. 

Green leaves of cabbage had 21 times more carotene and one-half 
more vitamin C than the bleached inner leaves on the dry basis. 
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In commercial practice frozen meats are generally stored at tem- 
peratures between —12.2 and —23.3°C.(10 and —10°F.). Certain 
advantages have been claimed for the lower storage temperatures 
on the basis that they depress enzyme activity, minimize color 
changes, inhibit oxidation, and reduce desiccation and drip. The 
literature relating to low-temperature storage is rather limited and 
for the most part is concerned with short periods of freezer storage ; 
therefore, a comparison was made of the color changes, ice-crystal 
growth, and amount of drip in beef stored for one year at —34.4 
and —12.2°C.(—30 and 10°F.). 


INFLUENCE OF FREEZER STORAGE TEMPERATURE ON 
SHRINKAGE OF BEEF 

Rib steaks, primal ribs, and rounds were selected as experimental 
euts. The rib steaks were taken from the right and left primal rib 
cuts of four careasses, which are identified as Carecasses 1 to 4 (Table 
1). Since eight variables were under investigation, eight steaks 
were cut from each primal rib, making a total of 64 steaks. The 
steaks cut from each rib were allotted by random sampling to each 
of eight groups. They were cut one inch in thickness and weighed 
approximately one-half pound. Weights were made to the nearest 
gram. The steaks were frozen on hard wood trays, and 15 hours 
later they were removed from the trays and packed in moisture- 
proof tin containers. 

Thirty-two steaks were thawed four days after being placed in 
the freezer, while an equal number were kept in freezer storage 
for 365 days before thawing. The steaks were thawed in closed tin 
containers on wire screens at a temperature of 10°C.(50°F.). The 
defrosting shrinkage was considered to be the loss in weight ocecur- 
ring during a 36-hour defrosting period. 

The primal rib and round cuts were selected from six carcasses 
which are identified as Careasses 5 to 10, inclusive (Table 1). These 
wholesale cuts were double wrapped with moisture-proof cellophane 
and each enclosed in a stockinette. 
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Three pairs of ribs and three pairs of rounds were frozen at 10°F. 
and an equal number at —30°F. For instance the right and left 
side primal ribs of three carcasses were frozen at 10°F., then the right 
side ribs were stored at 10°F., whereas the left side ribs were stored 
at —30°F. By this procedure, it was possible to compare the effect 
of different storage temperatures on companion cuts which were 
frozen at the same rate. 









The hydrogen-ion concentration of the meat was determined by 
the use of a Beckman pH meter equipped with a glass electrode and 
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Data on Carcass Weights, Grades, and pH 
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és ™ U.S. Identifica- pH of thawed muscle 
( arcass Carcass commercial tion of muscle after one 
No. weight grade cuts before year’s freezer 
freezing storage 






lb. 


























1 595 3 Rib steaks 5.60 5.62 
2 596 3 Rib steaks 5.65 §.57 
3 540 3 Rib steaks 5.42 5.55 
4 539 3 Rib steaks 5.50 5.55 
5 468 3 Wholesale ribs 5.65 5.69 
and rounds 
6 508 3 Wholesale ribs 5.65 5.70 
and rounds 
7 523 3 Wholesale ribs 5.70 | 5.71 
and rounds 
8 531 3 Wholesale ribs 5.60 5.59 
and rounds 
9 539 3 Wholesale ribs 5.60 5.59 
and rounds 
10 558 3 Wholesale ribs 5.60 5.67 


and rounds 


calomel half-cell. The pH readings were made on representative 10- 
gram samples of beef mixed with an equal weight of water and 
brought to 25°C.(77°F.). A study of the data (Table 1) shows that 
there was little change in the pH of the beef during the course of 
one year in freezer storage. 

Data on the shrinkage of rib steaks during freezer storage and 
during thawing (Table 2) show that the percentage of freezer shrink- 
age was almost as great for steaks stored for four days at 10 or 
—30°F. as for steaks stored for 365 days at the same temperatures. 
This indicates that the loss in weight from the steaks occurred largely 
during the freezing operation and that little dehydration had taken 
place during one year in freezer storage at 10 or —30°F. This is 
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to be expected, since the steaks were unprotected while freezing. It 
was not until 15 hours after being placed in the freezer that steaks 
were packed in the moisture-proof tin containers. 

It is difficult to evaluate precisely the amount of drip that is 
due to the act of freezing and the drip due to the length of time the 
meat was held in freezer storage. In this study the drip associated 
with the steaks defrosted after four days in the freezer is arbitra- 
rily considered to be due to the act of freezing. It will be observed 
(Table 2) that steaks which were frozen at 10°F. and thawed four 
days later had 52 per cent greater loss in drip than similar steaks 
which were frozen at —30°F. Ramsbottom and Koonz (1939) have 
shown that if small steaks are rapidly frozen, intrafiber freezing 
occurs and when defrosted, the fluids will be retained for the most 
part by the fibers and the drip will be relatively small. If the steaks 
are slowly frozen, however, extrafiber freezing takes place, and upon 
being defrosted, more of the fluid will be lost as drip before it can 
be reabsorbed by the partially dehydrated muscle fibers. 

The steaks which were frozen at —30°F. and held for one year 
at —30°F. and at 10°F. showed 7.36 per cent and 7.61 per cent 
defrosting shrinkage, respectively. The steaks similarly treated but 
held in storage for only four days showed an average of 4.56 per 
cent defrosting shrinkage. Consequently, there was a 64-per cent 
increase in defrosting shrinkage owing to the long storage period. 
It will be noted that the temperature of freezer storage for one 
year seemed to have very little influence on the amount of drip. 

The steaks frozen at 10°F. and held for one year at 10°F. and 
—30°F. showed 9.90 per cent and 9.56 per cent defrosting shrink- 
age, respectively. The steaks similarly treated but held in storage 
for only four days showed an average of 6.96 per cent defrosting 
shrinkage. Again, the temperature of storage appeared to have little 
influence on the amount of drip. 

From these data, it becomes apparent that the rate of freezing 
profoundly influenced the amount of drip from steaks, and that one 
year in freezer storage greatly influenced the extent of drip. It also 
becomes apparent that in the present investigation the temperature 
of freezer storage had little or no effect in regulating drip. The 
data of the present experiments are not in agreement with those of 
Moran and Hale (1932), but since their experiments were made on 
small samples of beef quickly frozen in brine and stored for a com- 
paratively short time at much higher temperatures, the data are 
not comparable. 

‘A study of the effect of freezer storage temperature on the drip 
from wholesale ribs and rounds was made for the purpose of check- 
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ing the results obtained with steaks. The data (Table 2) show that 
drip from primal ribs frozen at 10°F. and stored at 10°F. for one 
year was very similar to the drip from companion cuts frozen at 
10°F. and stored at —30°F. Likewise. primal ribs frozen at —30°F. 
and stored at —30°F. showed the same tendency to drip as com- 
panion cuts frozen at —30°F. and stored at 10°F. 


Beef rounds were frozen and stored at the same temperature as 
the primal ribs with similar results except that the rounds showed 
a greater total drip on thawing than the primal ribs. The data pre- 
sented on the primal cuts are in agreement with data on steaks 
showing that the freezer storage temperature had but little effect 
on the drip loss from the defrosted cuts. 


FACTORS INFLUENCING SURFACE COLOR OF MEAT HELD AT 
FREEZER STORAGE TEMPERATURES 


In the present study particular attention was given to color 
changes that occurred when meat originally frozen at 10°F. was 
held for one year at 10°F. and at —30°F. Likewise, color changes 
were observed in meat originally frozen at —30°F. and held for 
one year at —30°F. and at 10°F. 


The influence that the rate of freezing has on the color of frozen 
meat is well known. All investigators agree that slowly frozen meat 
appears dark owing to the presence of large ice crystals, whereas 
fast frozen meat appears lighter because of the presence of small 
ice crystals. Consequently, meat frozen at 10°F. is considerably 
darker than meat frozen at —30°F. 


In order to determine if a change took place during the year’s 
storage, a study was made of the ice-crystal condition in rib steaks 
treated in a similar manner to those reported (Table 2). In steaks 
frozen four days after slaughter at —30°F., the ice erystals were 
mostly of the intrafiber type with a few small extrafiber crystals, 
and after one year’s storage at either —30°F. or at 10°F. the ice 
erystals appeared unchanged (Fig. 1). In similar steaks frozen at 
10°F., the ice erystals were of the large extrafiber type, and after 
one year’s storage at either 10 or —30°F. the ice crystals were still 
of the large extrafiber type (Fig. 2). Under the conditions of this 
test, it appears that the color of the frozen meat was not significantly 
affected by ice-crystal growth during a one-year storage period. These 
observations do not agree with those of Moran and Hale (1932), who 
found that, under the conditions of their experiments, there was a 
significant growth of ice crystals during storage periods. Further 
studies are in progress regarding this particular point. 
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If the optical effect produced by the ice erystals were the only 
factor affecting color, it would be expected that the defrosted piece 
of meat would have a surface color similar to that which character- 
ized the meat before freezing and subsequent storage. It is known, 





Fig. 1. Beef muscle frozen at —30°F. and stored for one year at 10°F. X70. 


however, that under certain conditions a long storage period may 
cause the defrosted cut of meat to be darker in color. Brooks (1930) 
recognized that during storage hemoglobin slowly oxidizes to methe- 
moglobin, and it is known that the oxidized pigment is darker than 





Fic. 2. Beef muscle frozen at 10°F. and stored for one year at —30°F. X70. 


hemoglobin. This change in color is not reversible under natural 
conditions, 

In the present study, after meat had been held in storage for 
one year, color comparisons were made by means of the U.S.D.A.- 
Munsell color charts. The 


charts are numbered from one to 10, 
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ranging from a light red to a very dark red. While it was impos- 
sible to match all colors, particularly on the surface of the frozen 
meat, it is believed that the values closely approximate the actual 
color differences observed; the results of these observations are sum- 


marized (Table 3). 
In the frozen condition, ice crystals and surface oxidation con- 
tributed to the dark color, whereas only the effects of the latter 


TABLE 3 
Surface Color of Beef Cuts as 


Affected by Freezer Storage Temperatures 





U.S.D.A.—Munsell 
color chart values * 








Id ificati Freezing Storage 

-) ae ation tempera tempera- Reading Reading on 

of cuts ture ture for on surface surface of 

1 year of frozen defrosted 

lean meat lean meat 

yA 

Be, ee Pe itcietstleiciiiecieess 10 10 9 7 
8 rib steaks... 10 —30 7 6 
| ee ee ee —30 —30 5 5 
i IE aikioneinccsde aime —30 10 7 7 
ee eee 10 10 10 7 
SB PUNE FA COB sosesccissscscinccceccesessvesa 10 —30 7 5 
BD: URINE BE CB isiivvicicsciicicinsesconcees —30 —30 5 5 
eee —30 10 8 7 
BD PHIM) TOURE CUED......ccccercecescscesssss 10 10 10 8 
BS Pee] FOCRE CWC .eiecciccsccsseccceseses 10 —30 9 6 
S Peed) TOMME CUBR. scciccescc..sececces: —30 —30 6 6 
BS primal BOGE COB. ....cccssccescorecccess —30 10 9 S 


1A color value of 1 signifies very bright red and a color value of 14 signifies an ex- 
tremely dark red. 


factor were responsible for the permanent discoloration observed in 
the thawed euts. The steaks and primal euts frozen at 10°F. and 
held at 10°F. were the darkest in color in the frozen condition owing 
to large ice crystals and to a comparatively accelerated oxidation of 
hemoglobin to methemoglobin that occurs at the higher temperatures. 
Cuts identified with these temperatures also were the darkest in the 
defrosted condition owing to the oxidized surface pigment. Meat 
frozen at 10°F. and stored at —30°F. was not so dark as that simi- 
larly frozen but stored at 10°F. either in the frozen or defrosted 
condition, because of the retarding effect that the lower temperature 
had on oxidative processes. Cuts frozen and stored at—30°F. were 
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relatively light in both the frozen and defrosted state. On the other 
hand, cuts frozen at —30°F. and stored at 10°F. were dark in both 
the frozen and defrosted states because of the greater amount of 
methemoglobin in superficial tissues of the product stored at the 
higher temperature. 

It becomes obvious that the surface color of meat is significantly 
affected during long storage periods at a temperature of 10°F. This 
change from hemoglobin to methemoglobin is a function of time and 
temperature. This has been previously shown by Brooks (1930), who 
reported that methemoglobin may be detected spectroscopically in 
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Fig. 3. Absorption spectra of extracted muscle pigments. 
I. Curve for steaks stored for one year at 10°F. 
II. Curve for steaks stored for one year at —30°F. 


superficial tissues of beef frozen and stored at —5°C.(23°F.) in 
seven days, whereas 56 days were required for detection of methe- 
moglobin in beef frozen and stored at —20°C.(—4°F.). 

In the present study, quantitative measurements were made of 
the amount of methemoglobin formed at storage temperatures of 10 
and —30°F. Total hemoglobin pigment concentration was determined 
according to the method of Drabkin and Austin (1935), employing 
the data of Jensen and Urbain (1936) for oxyhemoglobin and of 
Urbain and Greenwood (1940) for methemoglobin. The purpose of 
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this study was to determine the relative concentrations of oxyhemo- 
globin and methemoglobin in the surface tissues of steaks stored for 
one year at 10 and —30°F. The samples were taken from the lean 
meat to a depth of three millimeters. The pigments were extracted 
from representative four-gram samples of meat with CO,-free dis- 
tilled water, then centrifuged until a clear solution was obtained. 
Measurements were made on the extracted muscle pigment in a one- 
centimeter cell. 

Representative absorption spectra curves for steaks stored at 10 
and —30°F. are shown (Fig. 3). Curve I, which is quite similar to 
that of methemoglobin, Urbain and Greenwood (1940), is typical of 
steaks stored at 10°F. for one year. Curve II indicates a mixture of 
oxyhemoglobin and methemoglobin and is typical of the data on the 
steaks stored at —30°F. for one year. Calculations showed that the 
amount of methemoglobin in surface tissues of steaks stored at 
—30°F. was between 40 and 50 per cent of the total pigment pres- 
ent, as compared with between 80 and 90 per cent methemoglobin 
in surface tissue of steaks stored at 10°F. for one year. 


SUMMARY 


The amount of drip was significantly affected by the temperature 
of freezing and by the length of time the beef was held in freezer 
storage. The temperature of freezer storage did not appear to be 
important in regulating the amount of drip. 

During the course of one year there appeared to be little change 
in the ice-erystal structure of frozen beef stored at 10 or —30°F. 

There was no significant change in the pH of beef stored for one 
vear at 10 or —30°F. 

The surface color of beef at the end of one year’s storage was 
greatly influenced by the amount of methemoglobin present. A 
greater oxidation and consequently darker beef occurred in the 
superficial lean tissues at 10°F. than occurred at —30°F. 
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The state of Maine does not produce large amounts of the foods 
which are recognized as rich sources of vitamin C. Citrus fruits 
are not grown, and economic conditions do not always allow their 
purchase. The production of tomatoes is small, especially in the 
northern section of the state. Apples are produced in large quanti- 
ties but there is a growing tendency to concentrate upon the pro- 
duction of varieties which are low in vitamin C—Dove and Murphy 
(1936). Consequently part of the experimental nutritional program 
undertaken in the biological laboratory of the Maine Agricultural 
Experiment Station is the development of strains and varieties of 
fruits and vegetables high in ascorbic acid and adapted to the soil 
and the climate of the region—Dove (1935, 1937). 

Varietal differenees in vitamin C content are being observed in 
various fruits and vegetables with a view to recommending for pro- 
duction those varieties which are high in this essential vitamin. One 
of the vegetables which has been under active investigation is the 
onion (Allium cepa). This was included for testing because it is 
used frequently in the Maine dietary, it may easily be grown in 
Maine, and because it is possible to store onions for home consump- 
tion during the winter months when the supply of vitamin C-rich 
foods is seriously curtailed. 

Although onions have been reported as being a rich source of 
vitamin C—Sherman (1937)—the published values range from .05 
to .15 milligram per gram—Olliver (1936), Fujita and Ebihara 
(1937), Mayfield and Richardson (1940), and Chi and Read (1935). 
So far as has been determined, there has been no extensive investi- 
gation of varietal differences in the ascorbie acid content of onions. 


EXPERIMENTAL PROCEDURE 
Sixteen varieties of onions were planted at Orono on June 9, 
1938, in a plot which was under close observation. The seeds were 
obtained from commercial seed houses. 


*Paper 230 of the biological laboratory of the Maine Agricultural Experi 
ment Station. 
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Analysis was begun August 1, 1938, with subsequent tests on 
the 4th, 10th, and 28th of August and on the 9th, 16th, and 23rd 
of September. For the first three analyses, all of the onions were 
small and straight, measuring about one inch long by one-fourth 
to three-eighths inch in diameter. The tops were removed at the 
juncture of the green with the white portion of the stem. The roots 
were removed, and adhering soil particles were rubbed off with a 
dry cloth. When the onions were small, a composite sample of eight 


TABLE 1 
Vitamin C Content of Fresh Raw Onions Grown at Orono, Maine, and Tested at 
Intervals From August 1, to September 23, 1938" 


Number 





Variety of Range of | Average | 

analyses | | variation ascorbic acid 

| pe mg. per gm. sal per on. 
ge LC ee ¢? .25 - 48 19.7 | 40 + .02 
Yellow Globe DanversS...........:..:00000 | 7 .29 - .42 11.4 |} 326+ .01 
7 21-44 20.1 | 34+.02 
| .27 - .40 11.8 33 + 01 
6? .26 - .37 11.0 01 + Ol 
7 17 - .38 22.0 | o0+ 0 
6° 15 - .40 26.5 20 = 02 
7 22 - 32 13.3 27 + 01 
7 15 - .35 29.3 22 & .02 
7 14 - .30 31.9 21 + .02 
Southport White Globe.................... G* 16 - .28 18.7 21 + .01 
White Sweet Spanish.....................6 7 10 - .29 31.8 .20 + .02 
ae ed. 7 13 - .24 20.2 20 + .01 
MIR ai ch cses sto vss vishaspoipecicsaascacsoaves 6° 12-.31 | 37.8 19 + .02 
WeMOwW eww ssssesnsasssecccssvseses 6? 17-.24 | 12.0 19 + 01 
Crystal WRIGG WAk...00.0c.ccessseessosscoess 7 | .13-.21 | 14.8 | es we 


1The values include data on immature and mature onions. * There were not enough 


onions to test on one testing date. 


onions was used. When the onions were large, a composite sample 
from three or more onions was taken. This sample consisted of 
radial sectors cut from the onions of such size as to keep the total 
weight of the sample under 20 grams. The samples were analyzed 
chemically for reduced ascorbie acid using the titrimetric method 
as developed by Bessey and King (1933). The data for each variety 
studied are combined and tabulated (Table 1). 


EFFECT OF SIZE ON VITAMIN C CONTENT 

It was noted at the fourth testing period that the larger-sized 
onions contained a much smaller quantity of vitamin C per gram 
than had been observed previously when the onions were small. In 
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order to determine to what extent size affected the ascorbie acid 
values, large and small onions of a given variety were tested on the 
same day. The results of nine pairs of tests show that, within a 
variety, the small onions contain considerably more ascorbic acid 
per gram than do the large ones. As computed by Student’s Method, 
the mean difference was .12 + .01 mg. per gm. with infinite odds 
that the difference was not due to chance alone. The results of this 
test are shown graphically (Fig. 1). 


RIVERSIDE Sweer 
RIVERSIDE SWEET 
RIVERS/OF SWEET 
SOUTHPORT YELLOW GLOBE 
SOUTHPORT YELLOW GLOBE 
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SOUTHPORT WHITE GLOBE 
SOUTHPORT MED GLOBE 
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Fig. 1. Relation between size of the onion and its ascorbic acid content. 
Large onions were two to two and one-half inches in length by one and one- 


half to one and three-fourths inches in diameter. 
Small onions were one to one and one-half inches in length by three-eighths 


to five-eighths inch in diameter. 


ascorsic acid (MG. PER Cn.) 


Apparent varietal differences might well have been due to dif- 
ferences in the size of the onions. As soon as these variations were 
observed, it was attcmpted to obtain onions more nearly equal in 
size. Although this was accomplished in a general way, large onions 
of a few varieties and small onions of others were not available. 

The final data for all tests were distributed according to the size 
of the onions. The bulbs were classified in five groups from small 
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to large. It was found that there were more cases of each variety 
in the group called ‘‘small, straight onions’’ than in the other 
groups. This group included samples of eight whole onions measur- 
ing one to one and one-half inches long, one-fourth to one-half inch 
in diameter, and weighing between two and 10 grams. Averages 
were calculated of the ascorbie acid contents of the onions in this 
group; the data are presented graphically (Fig. 2). When these 
small, straight onions are compared with the averages of all of the 
samples, variations are more apparent in the lower range of vitamin 
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Fie. 2. Ascorbie acid content of small, straight onion samples as compared 
with the average content of all samples. 


C values than in the upper, with the intervals between the two 
curves becoming narrower as the values increase. 

The varieties of onions which exhibited a high average concen- 
tration of vitamin C consisted of a large proportion of small onions. 
Conversely the onions which were lower in ascorbic acid were 
preponderantly larger in size. A histogram and curve (Fig. 3) 
demonstrate this relationship. The curve is arranged by varieties 
in ascending order of ascorbic acid values. The histogram sets 
forth the percentages of small onions tested within the same vari- 
eties. Except in three instances, the proportion of small oniens 
increases as the varieties increase in ascorbic acid content. 
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DISTRIBUTION OF VITAMIN © WITHIN THE ONION 

The possibility was suggested that the variation coincident with 
size might be attributed to uneven distribution of asecorbie acid 
within the onion. This phenomenon has been reported in many 
vegetables and fruits. It has been shown that the skin of the ma- 
ture apple contains much larger amounts of vitamin C than does 
the central portion—Bracewell, Kidd, West, and Zilva (1931) and 
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Fig. 3. Relation between the amounts of vitamin C coincident with variety 
and the percentage of small onions tested within the variety. The histogram 
refers to the percentage of small onions within each variety. The curve repre 
sents the average ascorbic acid values of each variety. 


Bireh, Harris, and Ray (1933). In consequence, smaller apples ex- 
hibit higher values for vitamin C than larger ones of the same 
variety because of a larger proportion of surface area. 

The two outside leaves of the bulb and several of the younger, 
smaller leaves from the center of the mature onions were tested 
separately from 10 pairs of onion samples, each pair of a different 
variety. The ascorbic acid content of the central portion exceeded 
that of the periphery in each ease. The mean difference in ascorbic 
acid content between the two sets of samples was .34 + .04 mg. per 
em., with infinite odds that the difference was significant; the rela- 
tive amounts observed are illustrated (Fig. 4). - 
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The actual ascorbie acid values depicted (Fig. 4) are of con- 
siderable interest. The amounts for the central tissue vary from .14 
to .73 mg. per gm., the latter figure being .33 mg. per gm. greater 
than the mean value reported (Table 1) for the variety of highest 
potency. The amounts contained in the peripheral tissue are only 
from 14 to 59 per cent as large as those contained in the center. In 
contrast, the central portion of the apple has been reported as being 
50 to 75 per cent of the value of the periphery by Todhunter (1937). 
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Fic. 4. Relation between the ascorbic acid content of the outer tissue and 
the central tissue of the onion. 
Curve A represents the content of the central leaves. 
Curve B represents the content of the outer storage leaves. 


This apparent incongruity may be, in nature, caused by a similar 
consistent physiological phenomenon. 

It will also be observed that the differences between varieties are 
of very small magnitude when the outer storage leaves only are 
compared. The figures for the peripheral leaves vary from .04 to 
.13 mg. per gm. Since the values for the outside leaves of the onion 
have but a slight trend upward coincident with varietal increases, 
while the values for the inside leaves rise rapidly from .14 to .73 
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mg. per gm., it seems that varietal differences are caused principally 
by variations in this central section. 

The reason for the uneven distribution of vitamin C within the 
individual onion is not entirely evident. McHenry and Graham 
(1935) reported an analogous phenomenon in turnip and suggested 
that vitamin C production is perhaps dependent upon the photo- 
synthetic process in the leaves and that it is transported thence to 
the root. In onions each of the outer leaves is connected directly 
to a green shoot. The most central leaves, however, originate at the 
base and push upward with no direct connection with the photo- 
synthetically active tissue above the soil. These central leaves are 
yellowish green in color in contrast to the darker green of the folli- 
age. This highly active, immature tissue in the exact center is the 
most potent section of the onion bulb with respect to vitamin C. If 
ascorbic acid is a product of photosynthetic activity, the indications 
are that the vitamin is either translocated downward through the 
outer storage leaves to the short stem and upward again to the new 
leaves in the center or that there is enough chlorophyll formed in 
this young tissue to synthesize the vitamin even in the absence of 
direct sunlight. This suggests that light is not the chief factor 
which determines vitamin C synthesis. In the onion at least, the 
physiological age of the tissue apparently manifests a much greater 
influence. 

EFFECT OF MATURITY ON VITAMIN C CONTENT 

The average values for ascorbic acid of onions as observed in 
this laboratory and tabulated (Table 1) are somewhat higher than 
published figures. The sampie material used by other analysts may 
have consisted of mature onions obtained on the market. The pro- 
cedure followed in this experiment included testing dates when the 
bulbs were small and immature, and the results of these early 
analyses were included when computing the averages of Table 1. 
In fact, several of the varieties Early Red Globe, Yellow Globe 
Danvers, Silverskin White Portugal, Brigham Yellow Globe, and 
Mountain Danvers—did not reach maturity during the growing 





season and are perhaps not adapted to the climate of the region. 
Of the 10 varieties which did achieve maturity, the analytical data 
for the samples of mature, raw onions are given (Table 2). These 
figures are more strictly comparable to the reported values and 
more truly reflect the vitamin C content of onions at the market- 
able period when the consumer ordinarily utilizes the vegetable. 
Mayfield and Richardson (1940) reported the value for fresh, raw, 
sweet Spanish onion as .13 mg. per gm. as determined by the chem- 
ical method. Of the two varieties of sweet Spanish onions reported 
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herein, the average value for the mature raw bulbs of White Sweet 
Spanish was .14 mg. per gm., whereas the average value for all of 
the samples of that variety was .20 mg. per gm. Thus the inclusion 
of immature tissue tends to raise the average values. 

From the graphic data presented (Fig. 5) it will be observed 
that as the onion approaches and reaches maturity its ascorbic acid 
value falls. This phenomenon is correlated with the growth in size 
of the bulb and the consequent increase in proportion of outer tis- 
sue as compared with inner tissue. Varietal differences in onions 


TABLE 2 
Ascorbic Acid Content of Mature,’ Raw Onions Grown at Orono, Maine, 
During the Summer, 1938 


Number Average 
Variety of ascorbic 


analyses acid 


mg. per gm, 








POPRINEE Te ooo ssa ses cscescesiccsnscnsascecsesons bencebcnteciemedies 2 22 
Southport Yellow Globe.. 3 18 
NE NN icin Ssodoics cocnatacasonnevevesers vice senteascecesmtises sovnemnbiny 2 18 
IE II INN ose cas.ccorpcoscncennncserezbewsbousovsesivovions 3 es 
EEE eee ee a ee REE eee 2 Bk 
RINNE, WRIT SIND 5s csscvcconessccercsasassneesancovntseesnsusccdnese 2 16 
Crystal White Wax.......... pipe 2 15 
Pana NIN ORIN 65555 5 crac cancwissnpansotensmene nesenendacinnenes 2 14 
NI, POI oops scbpcendaisscsacepanicndwecsopivpadenaeieusebouss 1 13 
INN tac dciccsasindccntonsdonubasunvessurs oariemenisapractainetiyeasyeabbeneiaeleoherie 3 13 





1 Mature onions were at least one inch in diameter. 


appear to be traceable, directly or indirectly, to the fundamental 
differences dependent upon metabolism. The physiological age of 
the tissue, whether expressed as maturity, size of the bulb, or pro- 
portion of more highly active inner tissue to less active outer tissue, 
determines to a large degree the vitamin C content at any given time. 
Regardless of the underlying cause, amounts of vitamin C consistent 
to a variety are, from a genetic and physiological viewpoint as well 
as for purposes of consumer information, true varietal differences. 





EFFECT OF STORAGE ON VITAMIN C CONTENT 





The effect of storage on the ascorbic acid values of onions seemed 
a significant feature to investigate from the point of view of the con- 
sumer, The experimental storage environment duplicated as nearly 
as possible the conditions attained by gardeners of this state. The 
onions were harvested October 15, 1938, tied in bunches, and sus- 
pended from rafters in a dry attic. 
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The method of sampling was similar to that used for the fresh 
onion. The onions were tested after one, two, and three months of 
storage. The material was not treated with H.S as there was found 
to be practically no gain in titration value after reduction. 

The data show that losses ranged from 23 to 64 per cent during 
the first month and seemed not to be correlated with size or condi- 
tion of material (Table 3). The amounts of ascorbie acid contained 
in the onions stored for one month ranged from .09 to .22 mg. per 
gm., indicating, even after large losses, a comparatively high content 
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Fig. 5. Effect of maturity (by variety) on the ascorbic acid content of onions. 

The varieties are arranged serially from Crystal White Wax to Early Red 
Globe in the order of increasing average values. 

Within the variety each rectangle represents one determination, progressing 
from the first to the last testing period. 


After two months’ storage, 12 varieties were tested. The others 
were discarded because of poor storage qualities. Losses during the 
second month ranged from 0 to 54 per cent of the amounts observed 
after one month of storage. The amounts noted ranged from .06 to 
.18 mg. per gm. 

During the third month losses were slight for most varieties. The 
actual amounts for all except two varieties remained practically the 
same and ranged from .06 to .18 mg. per gm. 
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These figures indicate that a drastic reduction of vitamin C occurs 
in onions even after a short period of storage under home conditions. 


INFLUENCE OF COOKING ON VITAMIN C CONTENT 
As onicns are usually eaten cooked, it is important from the stand- 
point of human nutrition to determine the vitamin losses sustained 
during the cooking process. The raw onions were sampled by taking 


TABLE 4 
Effect of Cooking Upon Ascorbic Acid Content of Onions 














re Length of Raw Cooked or om 
Variety cooking time ascorbic ascorbic original 
acid acid raw value 

_ "aie, : mg. per on. “mg. per gm. pet. 

Riverside Sweet Spanish............ 10 (overdone) .16 .06 38 
IN So icccsccrsnnionctenineiceenioane 10 (overdone) 16 .06 38 
Southport Yellow Globe............. 10 (overdone) 31 11 35 
NR ivciciccieimscninne me ae ee 37 
Brigham Yellow Globe............... 5 (tender 28 24 86 
Earliest White Queen................. 5 (tender) 33 | 26 79 
White Sweet Spanish.................. 5 (tender) 13 10 77 
Silverskin White Portugal......... 5 (tender) 21 16 76 
Yellow Bermuda.................. a 5 (tender) 12 .07 58 
Southport Yellow Globe 5 (tender) 26 15 58 
TI a vssiieccstedssiteciciccsncasaaved Se. * )} os fF ee 72 
Southport Yellow Globe............. 3 (firm ) 27 19 70 
Southport White Globe.............. 3 (firm ) 16 13 75 
I rpcresssnisilintciioincmnis eee a ee 72 
Southport Yellow Globe........... ™ 1 a 19 90 
Southport White Globe............ S| 16 12 75 
I iciccesccntiiartiiiesiieinctess ne) ae ae) Some 82 





radial sectors from three or more onions of such size that the com- 
posite sample weighed between 25 and 30 grams. Thus a representa- 
tive sample containing outer and inner leaves was obtained. The 
onion tissue was dropped immediately into extractant for grinding 
and analysis. Samples to be cooked were taken from opposite sides 
of the same onions. The samples were weighed raw and dropped 
into 150 ¢.e. of boiling tap water in uncovered beakers. 

The time which elapsed before the water returned to boiling was 
noted and from that point the onions were cooked for one, three, 
five, and 10 minutes. For such small samples, the cooked material 
was done in five minutes, i.e., it was tender when pierced with a fork. 
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The material was definitely overcooked in 10 minutes. The cooked 
onions were immediately placed in extractant, ground with sand, and 
analyzed. Aliquots were titrated immediately of the raw and the 
cooked onion extracts. Subsequently the remainders of the solutions 
were treated with H.S for 10 minutes, and CO, gas was bubbled 
through until the excess H.S was expelled; the effects of cooking are 
shown (Table 4). Cooking losses (from 10 to 65 per cent) are of 
smaller magnitude than are storage losses (from 47 to 80 per cent) 
and the former superimposed upon the latter decreases the amount 
of available ascorbic acid to a negligible quantity. 


DISCUSSION 

Originally in the fresh, raw state, onions compared very favor- 
ably with the foods that are considered excellent sources of vitamin 
C, showing values as high as the ripe tomatoes grown in the same 
locality—Murphy (1939). Especially is this true when onions are 
immature. During the winter months, however, when the vitamin 
C supply is searee, it would be unwise to depend upon the onion as 
a primary source of this essential food factor. 

The determination of the optimum storage conditions and the 
adaptation of these for home use might facilitate the retention of 
a large percentage of the original ascorbie acid eontent of fresh 
onions. 










More frequent use of young raw onions in soups and salads would 





provide a valuable adjunct to a vitamin C-poor diet. Vinegar ap- 
parently accelerates the oxidation of vitamin C in onions, however. 
A loss of 56 per cent of the original ascorbic acid content of onions 







oceurred when the sliced raw onions were soaked in vinegar for four 






hours.” 






SUMMARY 













Determinations of the ascorbic acid values for 16 varieties of 
onions using the chemical titrimetric method demonstrate varietal 
differences. The amounts observed varied from .17 mg. per gm. for 
Crystal White Wax to .40 mg. per gm. for Early Red Globe when 
completely fresh material was used for analysis. 







Factors which cause variation within varieties, as well as influ- 
ences which bring about varietal differences, were investigated and 
diseussed. 







Small onions were found to contain from 32 to 141 per cent more 
ascorbie acid than large onions of the same variety. 






“Onions, whose raw value was .09 mg. per gm., were sliced and placed in 
vinegar. After four hours, the average value was .04 mg. per gm. 
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The central leaves of the onion bulb have a much higher concen- 
tration of ascorbie acid than have the peripheral storage leaves. The 
values for the outer fleshy leaves are from 14 to 59 per cent as large 
as are those for the central leaves. The outer leaves vary slightly, 
whereas the inner leaves exhibit large differences between varieties. 
It seems that variations in the content of these young central leaves 
are chiefly responsible for varietal differences. 

Losses varying in magnitude from 47 to 80 per cent of the orig- 
inal values for fresh raw onions occur during storage under home 
conditions. 

Losses during cooking range from 10 to 65 per cent dependent 
upon the time factor if the amount of cooking water remains constant. 

Raw, freshly harvested onions contain relatively high concentra- 
tions of ascorbic acid. Their contribution to vitamin C needs would 
probably be important if an improvement in storage conditions could 
be effected in order to retain a large percentage of the original value. 
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Cooking quality in American potatoes is judged largely by the 
mealiness of the cooked tuber. Accurate methods have not been avail- 
able, however, for precisely measuring texture. Sweetman (1936), 
Thiessen (1935), and Barmore (1937) have not found penetrometer 
measurements satisfactory. Rathsack (1935) measured cutting re- 
sistance of boiled tubers, but the relation of this property to meali- 
ness is not clear. Personius and Sharp (1938) found that tensile 
strength of the tissue did not correlate with texture. Haddock and 
Blood (1939) coneluded that the specific gravity of the tuber was 
highly correlated with texture and have proposed this property as 
a measure of the degree of mealiness. 

In many cases, however, it may still be desirable to score and 
describe the texture of cooked potatoes in such generally descriptive 
terms as ‘‘very mealy,’’ ‘‘slightly mealy,’’ ‘‘slightly waxy,’’ ete. 
It is obvious that the accuracy and the constancy of such an ap- 
praisal depends to a large extent upon the experience and arbitrary 
judgment of the operator; and it is doubtful whether any two 
operators could consistently agree on the slight distinction between 
‘‘waxy’’ and ‘‘slightly waxy.’”’ 

Sweetman (1936) has published a careful and conservative scor- 
ing system that is fairly typical of several now in use. These scoring 
systems define several grades of mealiness in relation to a standard 
sample. Sweetman recommended the use of freshly baked Idaho 
Russett Burbank potatoes as a standard for ‘‘very mealy.’’ Samples 
to be tested are ranked as they compare with this standard. 

One of the principal difficulties encountered in such a procedure 
is the lack of a complete set of permanent standards representing 
each designated degree of texture. Without a permanent standard, 
it is probable that even an experienced judge would not be entirely 
consistent from day to day, month to month, or year to year. For 
instance, a given sample tested in a group of very waxy samples 
might seem quite mealy by subconscious comparison, and be judged 
‘*slightly mealy.’’ The same sample would appear to be ‘‘waxy’’ if 
observed in the company of a number of mealy samples. Such are 


”” 


* Contribution No. 399 of the Massachusetts Agricultural Experiment Station. 
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the tricks of memory and subjective methods of assay. By the same 
token, different workers in different laboratories would more likely 
than not have different conceptions regarding the distinction between 
several intermediate grades of texture. There is little difficulty with 
such ratings as ‘‘very mealy’”’ or ‘‘very waxy’’ but when reports 
appear in the literature with two, three, or more intermediate grades, 


VERY SLIGHT 
WAXY W “id 


SLIGHTLY VERY 
MEALY MEALY 


—~ 















Fig. 1. Slices of mealy and waxy baked potatoes dried in air oven at 50°C, 
(782"¥.). 


the reader, and perhaps the author, can only guess at the lines of 
distinction. 










It has been felt that a set of permanent visual standards rep- 
resenting each desired grade of texture would be helpful in main- 
taining consistent scoring, not only in one laboratory over a period 
of months or years, but also in correlating the scoring with other 
laboratories that may not have had the opportunity to directly com- 
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pare their conceptions of ‘‘slightly’’ different grades of texture. A 
set of standards prepared in this laboratory two years ago have been 
found quite helpful. Independent scoring of tubers indicates that 
the method agrees closely with the system described by Sweetman 
(1936). The standards (Fig. 1) were prepared as follows: 

The skins were removed from freshly baked tubers. Slices three 
to five millimeters thick were taken from any (or all) desired parts 
of the tuber and dried on glass plates in an air oven or under electric 
fans. When dried at 50°C.(122°F.) or less, the mealy tissue became 
white and very porous; the waxy tissue became a dense, vitreous, 
horny sheet, light tan in color. When dried at higher temperatures, 
the waxy tissue darkened to the color of old saddle leather. The 
visible contrast between waxy tissue and mealy tissue was unmis- 
takable. The score of a sample slice depends on the proportion of 
porous tissue and dense vitreous tissue. The accuracy of scoring is 
still a matter of careful estimate and arbitrary judgment on the part 
of the observer. The advantage, however, is that a selected standard 
sample is always available for direct comparison with any samples 
to be tested and the results of the test can be preserved as a perma- 
nent record. In addition, the dried slice shows which parts of the 
tubers are mealy, which parts are waxy, and the extent of these 
regions. This information cannot be readily obtained by other scor- 
ing methods that indicate only the average texture of the entire tuber. 

The contrast between dried, waxy tissue and dried, mealy tissue 
is even more striking when small cubes of baked potato are dried. 
The mealy tissue retains its original cubic shape and the shrinkage 
is compensated by the development of many small pores. The waxy 
cube shrinks in one dense horny lump that looks like a shrunken 
piece of caramel candy with all its faces pulled towards the center. 
This behavior seems to be a manifestation of the cell separation in 
mealy potatoes described in numerous papers in the literature. (See 
Sweetman [1936], page 346). Since the cells of mealy tissue sep- 
arate easily, openings and pores form readily between the separated 
cells as the drying tissue shrinks. In waxy tissue the cells adhere to 
one another so firmly that no pores appear during the drying and 
shrinking. 

While it is extremely desirable that accurate objective methods, 
such as proposed by Haddock and Blood (1939), be developed and 
used, it is probable that there will be numerous occasions for assays 
that closely approximate the consumer’s criteria and sensations. Since 
the technique described above has been found quite useful in such 
a method of assay, it is outlined here in the belief that other workers 
may find it helpful. 
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Although it has been established that the browning of orange juice 
involves oxidation—Joslyn and Marsh (1932, 1934, 1935) and Joslyn, 
Marsh, and Morgan (1934)—the chemistry of the reactions involved 
and the nature of the brown-colored, amorphous substances formed 
is not known. The discoloration of citrus juices containing suspended 
chromatophores is complicated by color changes in the pigments and 
proteins present, and for this reason we have studied the browning 
of filtered juices. In filtered citrus juices the principal reducing 
agents are ascorbic acid and flavanols, and their reaction may be 
influenced by the sugars, soluble nitrogenous constituents, and traces 
of galacturonie acid. Of particular interest is the oxidation of ascor- 
bie acid because it has been reported that brown amorphous material 





ean be obtained from oxidized ascorbie acid in solution by Hirst and 
Zilva (1933), and particularly at pH 7 and above by Borsook, Daven- 
port, Jeffreys, and Warner (1937). It was thought desirable to estab- 
lish in general the mechanism of oxidation of ascorbic acid in orange 
juice preliminary to the study of the pure systems involved in its 
discoloration. 

The auto-oxidation of ascorbie acid has been reported to be zata- 
lyzed by copper, Szent-Gyérgyi (1928) and Eddy (1936), and by 
zine, Eddy (1936); and inhibited by cyanide, Szent-Gyérgyi (1928) : 
tin, Emmerie (1934), hydrogen sulfide, and metaphosphoric acid, 
Fujita and Iwatake (1935). Mack and Kertesz (1936) reported that 
the catalytic activity of copper is increased if iron is also present. 
Cysteine, glutathione, and several other compounds are reported by 
de Caro and Giani (1934) to repress the oxidation of ascorbic acid. 
They found that animal tissues contained a mechanism for pre- 
venting the oxidation of ascorbie acid, and suggested that traces of 
glutathione present in the tissues were responsible for the prevention 
of the oxidation of the vitamin. Quastel and Wheatley (1934) con- 
firmed the above findings. Mawson (1935) also found the above to 
be true and suggested the tissues inhibited metal catalysis and thus 
prevented the oxidation of ascorbie acid. He found that other than 


‘Based in part on a thesis submitted by the senior author for the degree of 
M.S., University of California, 1939. 
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a low pH, lemon juice contained no protective mechanism. Steiger- 
waldt (1938) found that carbon dioxide inhibited the oxidation of 
asecorbie acid by oxygen providing bicarbonate ions are present in 
the solution. 

There seem to be varied reports in the literature as to the effects 
of various preserving agents on the vitamin C content of the juice. 
Davey (1921) reported inconsistent results with sulfur dioxide at 
room temperature, and found sulfur dioxide to be useless at 37°C. 
(98.6°F.). Delf (1925) suggested that sulfur dioxide has a destrue- 
tive effect on the stability of the antiscorbutie vitamin. Williams 
and Corran (1930) found that both potassium metabisulfite and 
sodium benzoate had a destructive effect on the vitamin. Bennett 
and Tarbert (1933) reported that sulfur dioxide and benzoic acid 
both had a destructive effect on vitamin C. Morgan, Field, and 
Nichols (1931) found, however, that there was less loss of vitamin 
C in dried fruit that had been sulfured than in unsulfured fruit. 
Joslyn, Marsh, and Morgan (1934) and Joslyn and Marsh (1935) 
reported that sulfur dioxide prevents browning and loss of vitamin 
C in orange juice. Joslyn and Marsh (1934) found no destructive 
effect owing to preservatives of the benzoate type. Morgan, Lang- 
ston, and Field (1933) also found no destructive effect owing to 
sodium benzoate. The problem now arises as to the relative efficiency 
of sulfur dioxide in preventing oxidation, and also as to the mechan- 
ism of the effect. Investigations of this, together with the mechanism 
of darkening, were the object of the following experiments. 


EXPERIMENTAL PROCEDURE 
Orange and lemon juice were prepared by burring, straining, and 
filtering with filter cell, and preserved by adding .3 per cent sodium 
benzoate. As mentioned earlier, sodium benzoate does not affect the 
reducing value of the juice—Morgan, Langston, and Field (1933) 
and Joslyn and Marsh (1934). This juice was then divided into 
three lots each of orange and lemon juice. Each lot contained six 
liters and was placed in a two-gallon, cotton-stoppered bottle. The 
juices were then made up to 0, 250, and 500 p.p.m. sulfur dioxide, 
and air was bubbled through the juice for several hours. The bottles 
were then stored at room temperature—about 20°C. (68° F.)—and 
samples were removed periodically and stored at —17°C.(1.4°F.) 
for later analysis; no loss of vitamin C occurs at this temperature, 
Nelson and Mottern (1933). 

These samples were later removed and examined as follows: 

Total Iodine Value: Twenty-five ¢.c. of juice and 25 ¢.c. of water were placed 
in a 300-¢.c. Erlenmeyer flask and titrated under nitrogen with .01 N iodine at a 








rate of seven ¢.c. per minute, using starch as an indicator. 
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2.6-Dichlorophenol Indophenol Titration: The dye was made up according to 
the method of Menaker and Guerrant (1938). Fifty milligrams of dye per 100 
c.c. of solution were placed in a small beaker. Successive amounts of hot neutral 
buffer pH 7 (phosphate) were added to the dye and filtered through a filter paper 
until there was no dye left in the beaker or on the filter paper. The dye solution 
was then made up to volume with more neutral buffer. The dye solution was 
standardized daily as follows: An excess of potassium iodide (15 ¢.c. of solution 
per gram of potassium iodide) and five to 10 ce. of 1 + 4 sulfurie acid were 
added. The solution was then shaken and titrated against .01 N thiosulfate, 
starch being used as an indicator. 

Only small amounts of dye were made up at any one time and when not in 
use the dye solution was kept at 0°C.(32°F.). Twenty-five ¢.c. of juice and 25 
c.c. of water were titrated slowly against the dye. The end point taken was that 
at which the pink color remained for one minute. 

Double-Iodine Titration: As a measure of the total asecorbie acid (both 
reduced and dehydro form) a double-iodine titration was developed as will be 
discussed later. It consisted of the following: 

Place 25 ¢.c. of juice in a 300-c.c. Erlenmeyer flask, add 25 ¢.c. of water, 
add three drops of one-per cent starch indicator, and titrate with .01 N iodine 
under nitrogen at a rate of seven ¢.c. per minute. Allow to stand two minutes 
and then bubble hydrogen sulfide gas into solution for 10 minutes. Stopper the 
flask and allow to stand 24 hours at room temperature. Remove hydrogen sulfide 
with nitrogen, testing for residual hydrogen sulfide with sodium nitro-prusside 
and ammonia water. Titrate the hydrogen sulfide free solution with .01 N iodine 
under nitrogen. 

Mercurie Acetate-Precipitation Method: A modification of the mecuric ace- 
tate method of van Eekelen, Emmerie, Josephy, and Wolff (1933) and van 
Eekelen and Emmerie (1936) was used. 

Twenty-five ¢.c. of juice and 25 ¢.c. of eight per cent acetic acid and enough 
ealcium carbonate to adjust the pH so that congo red paper just turns red 
were placed in a beaker, and 25 ¢.c. of 2C per cent mereurie acetate were added. 
The mixture was then filtered. To the liirate a drop.of mereurie acetate was 
added to test for completeness of precipitation of the proteins and other sub- 
stances. Hydrogen sulfide gas was then run in for 10 minutes. The solution was 
filtered and hydrogen sulfide was added again for 10 minutes and the flask was 
stoppered and stored for 24 hours at room temperature. Nitrogen gas was then 
bubbled through to remove the hydrogen sulfide. The solution was then tested 
with one per cent sodium nitroprusside and three per cent ammonia water to 
determine whether all of the hydrogen sulfide had been removed. It was titrated 
finally with .01 N iodine under nitrogen using starch as an indicator. 

Total Sulfur Dioxide b*: Modified Ripper Method: A modification of the 
Ripper (1892) method was used. A 50-c.c. sample of juice was placed in a 
300-c.c. Erlenmeyer flask. Twenty-five ¢.c. of 1 N potassium hydroxide were 
added. The solution was then mixed and allowed to stand exactly 15 minutes. 
Ten ¢c.c. of 1 + 3 sulfuric acid were added and the solution was immediately 
titrated with .01 N iodine using starch as an indicator. 

Total Sulfur Dioxide by Distillation: The method used was a modification 
of the official procedure taking into account some of the suggestions made by 
Nichols and Reed (1932). Fifty ¢.c. of juice were placed in a 500-c.c. Kjeldahl 
flask to which were added 150 ¢.c. of water, 10 ¢.c. of saturated sodium biearbon- 
ate solution, and 10 e¢.c. of concentrated hydrochloric acid. This mixture was 
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then heated and the distillate received in 50 cc. of .02 N iodine in a 300-c.c. 
Erlenmeyer flask, kept in a pan of ice water. The unreduced iodine was then 
titrated with .02 N thiosulfate, starch being used as an indicator. 
Spectrophotometric Examination: Twenty-five ¢.c. of juice were filtered and ex- 
amined over the visible range on a Bausch and Lomb Universal Spectrophotometer. 


DETERMINATION OF TOTAL ASCORBIC ACID IN 
PRESENCE OF SULFITES 

In citrus juices undergoing oxidation, in presence of added sul- 
fites, ascorbic acid exists as the reduced acid, as dehydroascorbic 
acid, and as other nonreducing degradation products in presence of 
free sulfur dioxide, bound sulfites such as the various sulfonie acid 
derivatives, and sulfates. The direct titration of the juice with 2,6- 
dichlorophenol indophenol is an accepted measure of the reduced 
ascorbic acid since this dye is more rapidly reduced in acid solution 
by ascorbie acid than by other common interfering substances. The 
possible interference of SO, in this titration has not been studied 
heretofore. Bennett and Tarbert (1933) determined ascorbic acid in 
sulfited orange and lemon juice by first distilling off the SO, in a 
eurrent of CO,. This procedure does not include dehydroascorbic 
acid. We have found that in acidified solution there is little inter- 
ference from SO, if the titration is carried out rapidly. Emmerie 
and his associates—Emmerie (1934), van Eekelen and Emmerie 
(1936), and van Eekelen, Emmerie, Josephy, and Wolff (1933)— 
removed cysteine, glutathione, and coloring matter by the defecation 
of the acid extract with mercuric acetate, the excess of mercury being 
removed with H,S which also was used to reduce dehydroascorbie 
acid. Not all interfering substances are precipitated by mercuric 
acetate, Evelyn, Malloy, and Rosen (1938), and incomplete recovery 
of added ascorbic acid was found by MeHenry and Graham (1935). 
We have found that this procedure may be used in the presence of 
sulfites but on the whole it tends te give high results in sulfited 
juices. 

Iodometriec procedures, since the early report of Zilva (1927) 
that decitrated lemon juice reduced both indophenol and _ iodine, 
have been considered to be less specific. However, Joslyn, Marsh, 
and Morgan (1934) found that the iodine titration values closely 
followed the indophenol values during oxidation of orange juice, 
which was found also by Stevens (1938). Bessey and King (1933) 
reported that lemon juice contained no iodine-reducing substances 
other than ascorbic acid and gave equivalent values for vitamin 
content when titrated either with iodine or dye in acid solution. 
Svirbely and Szent-Gyérgyi (1932) reported the presence in orange 
juice of phenolic compounds (later identified as flavonols) which 
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could account for part of its high reducing value. Harris and Ray 
(1933) found the iodine titration to be unspecific for orange juice, 
i.e. to give considerably higher results than did 2,6-dichlorophenol- 
indophenol. Bacharach, Cook, and Smith (1934) reported that the 
dye titration gave higher results for lemon juice than did iodine 
but that the reverse was true for orange juice. 

Tillmans, Hirsch, and Dick (1932), having established first that 
on oxidation the antiscorbutic activity does not parallel reducing 
value, showed that oxidation of ascorbic acid by iodine, hydrogen 
peroxide, and indophenol was reversible, but that by molecular oxy- 
gen was not reversible. They reported that lemon juice oxidized 
with indophenol gave, on reduction with hydrogen in presence of 
palladium, 320 per cent of its original reducing value, but that a 
vitamin © preparation obtained from it showed only 127 per cent 
of its original reducing under similar conditions. Hydrogen sulfide 
was found to be a more specific reducing agent, and sulfurous acid 
was found to be without effect. The same investigators reported 
that pure lemon juice, or decitrated lemon juice, titrated with indo- 
phenol, saturated with H,S and stored at room temperature for 24 
hours, then treated with N, until all H,S was removed, and titrated 
with indophenol (20 to 30 minutes) gave the original titration value. 
The reduction with H,S was found to be independent of acidity of 
medium (neutral or slightly acid solutions behaving similarly) and 
temperature [standing at 90°C.(194°F.) for 24 hours was found 
to be equivalent to room temperature for the same time]. If the 
reversibly oxidized ascorbic acid is allowed to stand, however, it 
gradually loses its reversibility. They found, also, that when lemon 
juice was allowed to stand exposed to air for several days the de- 
crease in direct iodine and indophenol titre occurred at essentially 
the same rate, but its titre after reduction with H.S was consider- 
ably higher with iodine than with indophenol, the former increasing 
with time rather than decreasing. 

No systematic study of the conditions of reduction by H.S of 
dehydroascorbie acid has been reported. Emmerie (1934) calls at- 
tention to the fact that the reduction with H,S must be effected in 
a slightly acid solution to prevent formation of reducing sulfur 
compounds, but Fujita and Ebihara (1938-’39) report that dehydro- 
ascorbie acid is not generally completely reduced by H.S unless the 
pH is above 6 and the lower the pH the smaller is the reduction. 
The time of reduction usually has been specified as 24 hours (at 
room temperature) although Mack and Tressler (1937) showed an 
increase in reducing matter present in carrot extract as the time 
of reduction with H.S was increased, and King (1939) recommends 
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quick reduction with H,S in a suitable pH range. The removal of 
H.S with CO, or N., and the sensitivity of the common tests for it 
has been investigated by King (1939). The slowness of completely 
removing H,S from solution by displacement with inert gases like 
N. was stressed by Kellie and Zilva (1936). King (1939) postu- 
lated the production of indophenol-reducing substances other than 
ascorbie acid by treatment with H.S, and Mack and Tressler (1937) 
and Kellie and Zilva (1936) among others have reported finding 
such substances, the one in carrot extracts, the other in blood. 

We have found that in both orange and lemon juices there occur 
substanees other than ascorbic acid capable of reducing either iodine 
or indophenol after prolonged treatment with H.S. We found that 
conditions of reduction could be established, however, under which 
not only would no increase in original reducing capacity occur but 
also such that even iodine would serve as a specific oxidant for ascor- 
bie acid in fresh juice even in presence of sulfur dioxide. In oxidized 
juice there is a definite and unexplainable difference between the 
indophenol and iodine titration, following treatment with H.S. 

The basis of the procedure investigated was that of titrating a 
sample of citrus juice with iodine, then treating it with a specific re- 
ducing agent which would reduce only dehydroascorbie acid, and 
finally titrating the ascorbie acid so formed. Under these conditions 
interference from other reducing substances would be eliminated. As 
such a specific reducing agent we investigated HS. We were par- 
ticularly interested in following changes in vitamin C and sulfur 
dioxide contents during the oxidation and subsequent darkening of 
sultited citrus juices. To define closely the conditions under which 
reproducible results are obtainable by such a procedure an investi- 
gation of the influence of a number of factors was made. 

In our first attempts in using this method very erratic and 
ineonsistent results were obtained. This was found to be due to 
undersaturation with hydrogen sulfide, and to irregular oxidation 
of aseorbie acid when final titration was made in air. It was found 
that at least 10 minutes of hydrogen sulfide treatment was necessary 
to obtain complete saturation of the solutions. Titration under 
nitrogen overcame the second difficulty. 

The first factor to be studied in detail was the rate of oxidation. 
Here the rate of the first iodine titration was changed and the 
amount and type of acid used varied. Orange juice was diluted with 
equal volumes of two per cent H.SO,, 10 per cent H.SO,, and two 
per cent HPO, solutions, respectively. It wes found that the most 
consistent results were obtained when the titration was carried out 
so that it was complete in one to two minutes. However, the acid 
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concentration (as will be shown later) was too high for best results. 
It appears that titration at the rate of about six and one-half to 
seven ¢.c. of iodine solution per minute gives the most reproducible 
results. In all subsequent experiments this rate of titration was used. 
The time of hydrogen sulfide treatment varied in these experiments 
from 21 to 28 hours, after the hydrogen sulfide gas had been bubbled 
into the solutions for a period of 10 minutes. The hydrogen sulfide 
gas was displaced by nitrogen by bubbling the nitrogen through the 
solution for periods of time varying from 20 minutes to three hours. 
The solutions were then tested for residual hydrogen sulfide with 
ammonia water and sodium nitro-prusside. Johnson (1933), Mack 
and Tressler (1937), and others reported difficulty in the removal 
of hydrogen sulfide with nitrogen. However, in no case could a 
positive test for hydrogen sulfide be obtained after three hours of 
nitrogen treatment. 

The next factor to be studied was the effect of pH of the solution. 
The most reproducible results were obtained in the range of pH 2 
to 4 in both orange and lemon juice whether a preliminary oxi- 
dation was performed, or not. This could be obtained by simply 
diluting the juices with water. 

There have been many reports, e.g., Fujita and Iwatake (1935) 
and Mack and Tressler (1937), in the literature that metaphosphoriec 
acid can be used to replace sulfuric acid and that it effectively pre- 
vents the catalytic action of copper and ascorbase. We have found 
in the case of orange and lemon juice no difference in titrations 
between the sulfuric and metaphosphoric acid or in mixtures of 
these two acids even in presence of air. Since our titrations were 
earried out under an atmosphere of nitrogen, and no ascorbase was 
present, the oxidation of ascorbic acid during the determination was 
not a factor. 

The effects of over-titration and under-titration were next taken 
into consideration. Under-titrating had practically no effect on the 
second iodine titrations, while over-titration gave very erratic results, 
most of them being too low. This may have been due to the more 
complete oxidation by excess iodine of the ascorbic acid. 

The next factor investigated was length of treatment with hydro- 
gen sulfide and the temperature of hydrogen sulfide treatment. At 
room temperature the reducing value was found to increase rapidly 
until a definite stage was reached, at which the titration remained 
constant for about 50 hours and then it again rose very abruptly. 
It is evident (Tables 1 and 2) that reduction with hydrogen sulfide 
at higher temperatures, 25 and 37°C.(77 and 98.6°F.), merely has- 
tens the initial rise and shortens the time during which the reducing 
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TABLE 1 
Effect of Length of H.S Treatment on Iodine-Reducing Value of Orange Juice 








At 37°C. (98.6°F.) At 25°C. (77°F.) 








Time .01 Niodine— |Per25¢.c.juice—| .01 Niodine— | Per 25 c.c. juice— 
first iodine second iodine first iodine | second iodine 
titration titration titration | titration 
hb. St«*C e.c. | c.c. i en. _ ii 
0 12.20 11.05 12.20 11.05 
4 | 12.20 13.90 12.20 13.45 
6 12.30 14.25 12.20 14.30 
9% 12.30 16.95 12.65 14.45 
17 12.20 17.70 12.10 15.05 
20% 12.20 18.25 12.20 15.35 
24 12.85 21.05 12.83 15.75 
43 12.35 22.10 12.30 17.20 
58% 12.50 26.05 12.50 21.45 
68 | 12.55 31.75 12.45 26.30 


TABLE 2 
Effect of Length of H.S Treatment on Iodine-Reducing Value of Lemon Juice 





At 37°C. (98.6°F.) At 25°C. (77°F.) 








.01 N iodine— | |.01 N iodine— | Per 25 c.c. juice— 


| Per 25 c.c, juice— 











Effect of Added SOz on Double-lodine 


25 ¢.c. orange juice 


Time first iodine | second iodine Time first iodine second iodine 
| titration | titration | titration | titration 
hr. | C.0. | €.c. hr. C.C. €.€. 
0 | 1330 | 1.77 0 13.30 1.77 
3% 13.40 12.65 3% 13.40 12.15 
6 13.70 12.58 6 13.65 12.65 
9 14.20 13.60 9 14.20 13.35 
18 | 13.20 13.65 | 18 13.10 13.53 
42% 13.50 17.10 24 13.50 13.50 
51 14.10 17.35 41% 13.50 13.49 
66% 13.50 18.60 50 14.30 13.60 
72 13.95 18.90 66 13.85 13.65 
74 14.35 19.00 71 13.95 15.00 
TABLE 3 


Method 


25 ¢.c. emon juice 


.O1 N iodine -01 N iodine 





SO: Second 





First Second First 
iodine iodine iodine iodine 
titration titration titration titration 
ane p.p.m. ee. C.0. - Cc. €.€. =f 
0 13.00 14.97 12.73 14.00 
100 18.95 14.83 21.55 13.95 
200 25.95 14.75 32.15 14.00 
400 39.25 14.83 54.30 14.00 
500 46.65 14.79 55.25 


14.30 
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value is constant. Orange juice seems to rise to a higher level after 
the constant period than does lemon juice, showing that it has more 
substances which can be reduced by hydrogen sulfide than lemon 
juice. These compounds were not oxidized by indophenol, for after 
reaching a maximum the indophenol titration remained constant. The 
formation of iodine-reducing substances by reduction with H,S also 
was found to occur in juices not previously treated with iodine. Pure 


TABLE 4 
Reducing Value in Oxidized Citrus Juices 











: | First titration Second titration 
Sample — - — —_——__—_————- —— —_—— 
| Reagent IN Reagent O1N 
me @ ce. | ee, 
Lemon—500 Todine 1.00 Iodine 6.90 
| Iodine 0.95 Indophenol | 2.09 
| Indophenol 1.12 Todine 7.00 
Indophenol 1.14 Indophenol 1.63 
| 
Lemon—0 | Todine 0.70 Iodine 8.00 
| Todine 0.75 | Indophenol ? 3.42 
Indopheno] 1.14 Iodine 8.10 
Indophenol 1,12 Indophenol * 3.22 
| 
Orange—500 Todine 2.25 Iodine i 7.90 
lodine 2.20 Indophenol | 1.93 
Indophenol 0.63 Iodine 8.10 
Indophenol 0.65 Indophenol 1.19 
Orange—0 Iodine 1.25 Iodine 7.90 
Iodine 1.28 Indophenol* 2.77 
| Indophenol | 0.61 Todine 7.80 
Indophenol | 0.63 | Indophenol * 2.56 


1 Very dark, therefore end point with indophenol was hard to determine. 


ascorbic acid in buffer solutions of pH 2.28 and 4.24 did not increase 
in reducing power on prolonged hydrogen sulfide treatment. 

To determine the effect of added sulfur dioxide 25-e.c. portions 
of juice containing varied amounts of sulfur dioxide were oxidized 
with iodine, then treated with hydrogen sulfide for 10 minutes, 
allowed to stand 24 hours, treated with nitrogen gas, and titrated 
again with iodine. As ean be seen (Table 3) very good results were 
obtained. The solution with no sulfur dioxide gave the same titration 
as that with 500 p.p.m. of sulfur dioxide. This was true for both 
lemon and orange juices. 

When iodine was replaced by indophenol in both direct and 
second titrations, it was found that, if there was no sulfur dioxide 
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present, there was no difference. If sulfur dioxide was present, how- 
ever, high results would be obtained if indophenol was used in the 
first titration, for not all of the sulfur dioxide can be oxidized by 
the indophenol, and therefore high results are obtained in the second 
titration. It did not matter, however, whether the second titration 


TABLE 5 








Orange ; 
- =e First iodine— | Second iodine— | Indophenol— | HgeAcs iodine— 
Time 01 N | O1N O1N OLN 
<n Cll c.c. ee. 
0 12.83 16.23 12.23 15.57 
6 12.63 16.19 12.24 15.18 
12 12.28 16.03 11.90 14.55 
24 12.03 13.90 11.58 14.00 
48 | 11.58 13.35 10.81 13.75 
days 
5 8.74 13.05 7.40 12.55 
10 5.45 12.03 3.37 11.93 
20 | 3.03 10.08 | 0.57 10.65 
30 2.40 9.96 | 0.38 9.25 
60 1.88 7.75 0.25 8.03 
90 1.78 7.48 0.17 7.90 
ste Tale tila Lemon ; 7 
i aint ~ rir eienisiiel. 
0 12.90 15.55 12.50 15.38 
6 12.50 14.28 12.30 14.30 
12 12.25 12.70 12.06 12.05 
24 10.98 11.98 11.32 11.05 
48 9.40 11.45 9.95 10.78 
days | 
5 7.28 10.55 8.02 10.15 
10 3.88 8.00 3.35 7.98 
20 1.43 7.48 0.36 7.45 
30 0.99 7.28 0.28 7.03 
60 0.83 7.58 0.17 7.23 
7.78 0.16 7.48 


90 0,82 





was done with iodine or indophenol. The mecurie acetate method 
was then compared with and found to give results comparable to 
the double-iodine method. 

To determine the applicability of the method to oxidized citrus 
juices, samples of orange and lemon juice, with and without added 
SO, (500 p.p.m.) after storage in contact with air for 190 days at 
room temperature were titrated as shown (Table 4). It will be seen 
from the data that in lemon juice there was little difference in initial 
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titre between iodine or indophenol. However in the second titration 
the iodine solution gave considerably higher values, thus confirming 
the results of Tillmans, Hirsch, and Dick (1932). In orange juice 
the differences between the two reagents were increased both ini- 
tially and subsequent to the first titration. 


TABLE 6 
Oxidation of Juice (500 p.p.m. SO:z) 











Orange 
, ? First | Second | Indo- - HgAcz | - oad ne 
= oO N orn | Morn | ‘orn | Distil- was 
hr. oe Cc. 4 ce. 6.¢. ce. p.p.m. p.p.m. 

0 | 35.80 16.40 12.95 15.73 429 488 

6 34.67 16.18 | 12.88 14.98 23 473 
12 30.50 16.15 | 12.73 15.05 418 466 
24 29.75 15.98 | 12.52 14.88 411 464 
48 28.28 15.96 | 12.04 14.68 408 462 

days } } 

5 | 23.78 | 15.98 | 10.17 14.63 398 454 
10 20.08 15.85 8.34 14.65 376 430 
20 15.70 13.15 | 3.82 11.25 355 378 
30 10.20 10.00 | 0.57 8.80 349 288 
60 6.78 9.58 | 0.19 8.43 223 198 
90 4.02 | 9.03 | 0.17 8.03 150 143 

‘ Lemon 
‘ hr. | 

0 24.68 15.45 13.05 | 15.21 425 474 

6 24.05 15.33 | 13.03 | 14.98 417 443 
12 23.85 15.05 | 12.59 14.78 | 414 438 
24 23.35 | 14.98 12.39 | 1458 | 412 434 
48 23.33 14.84 12.09 | 1434 | 408 422 

days 

5 22.18 10.23 11.09 10.18 396 387 
0° 16.03 | 8.88 7.05 9.35 379 283 
20 9.25 7.95 4.54 8.93 306 219 
30 4.87 | 7.15 0.70 8.28 268 110 
60 137 7.08 0.28 7.28 131 30 

7.08 | 0.16 7.25 90 6.7 


90 0.98 





Thus although the double-iodine titration measures the total ascor- 
bie acid content in presence of large amounts of added SO, in fresh 
juice, this is not any longer the case for the oxidized juice. It does 
measure the changes in iodine-reducing substances both present as 
such or present as primary oxidation products which can be converted 
into iodine-reducing substances after treatment with H,S. Flavoquin- 
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ones and oxidized carbohydrate derivatives, such as reductones, may 
be included with dehydroascorbie acid. 


OXIDATION OF ORANGE AND LEMON JUICES 

Typical data on changes in reducing substances during the course 
of oxidation as summarized (Tables 5 and 6) must be interpreted in 
terms of the analytical results obtained by the various methods. The 
first iodine titration gives all the free reducing substances present 
in the juice. The second iodine titration gives initially only the 
ascorbic acid present, that is, both as ascorbic and dehydroascorbie 
acid. In oxidized juices, however, this no longer holds true, as sub- 
stances which reduce iodine but not indophenol are generated by 
H.S treatment (see previous section). The indophenol titration gives 
essentially only the reduced ascorbie acid. The mercuric acetate is 
a measure of total vitamin C and parallels the second iodine titration. 
The sulfur dioxide by distillation gives the total sulfur dioxide, both 
free and bound. The Ripper method gives total sulfur dioxide plus 
reducing substances, less vitamin C lost on oxidation in alkaline solu- 
tion. By subtracting the indophenol value from the total reducing 
value a measure of free sulfur dioxide is obtained. Since the titra- 
tions were done under nitrogen, however, some of the free sulfur 
dioxide may have been driven off and this would account for some of 
the erratic results obtained in free sulfur dioxide. 

In the absence of sulfur dioxide, lemon juice decreases more 
rapidly than orange juice in the first iodine titration, in the second 
iodine titration, and in the indophenol titration. That there are 
more reducing materials other than vitamin C in orange juice than 
in lemon juice can be seen from the fact that the first iodine is much 
closer to the indophenol titration in lemon juice than it is in orange 
juice. It is interesting to note that the ‘‘total vitamin C content’’ 
(as measured by the double-iodine titration) levels off both in orange 
and lemon juice at approximately half the original total ascorbic 
acid. It can also be seen that, although the ‘‘total vitamin C’’ in 
lemon decreases more rapidly, both level off at about the same value. 

From a comparison of total vitamin C (double-iodine titration) 
and reduced ascorbie acid for orange juice in the presence of 0, 250, 
and 500 p.p.m. sulfur dioxide, respectively, (Fig. 1), it is evident 
that sulfur dioxide causes a retardation in the oxidation of vitamin 
C. This is more pronounced with 500 p.p.m. sulfur dioxide. The 
indophenol curves show that sulfur dioxide prevents the rapid oxi- 
dation of the ascorbie acid to its dehydro form and that the action 
is more pronounced with 500 p.p.m. of sulfur dioxide than it is with 
250 p.p.m. of sulfur dioxide. The levelling off of the second iodine 
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curves coincides with the levelling off of the indophenol curves; as 
long as there is reduced ascorbic acid present the dehydroascorbic 
acid continues being oxidized further, but as soon as the free reduced 
ascorbie acid is exhausted the dehydroascorbie acid (and other simi- 
lar iodine-reducing substances)? content becomes constant. It should 
be noted that there is a lag in the loss of dehydroascorbie acid in 


CC OAN Solstion 














TIME iN DAYS 


Fig. 1. Rate of decrease in total and reduced ascorbie acid in orange juice in 
presence of 0, 250, and 500 parts per million of SO:. 


the orange juice containing 500 p.p.m. of sulfur dioxide. This lag is 
less pronounced with 250 p.p.m. of sulfur dioxide. The graph of 
data on lemon juice is similar to the curves in Fig. 1, the only dif- 
ference being that the dehydroascorbie acid decreases much more 
rapidly and that the lag in the dehydro curve for lemon juice con- 





* The term ‘‘dehydroascorbie acid’’ will be used to denote all iodine-reducing 
substances, not precipitable by merecurie acetate, which are formed only after 
reduction with HS. 
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taining 500 p.p.m. of sulfur dioxide is less pronounced, and in lemon 
juice with 250 p.p.m. of sulfur dioxide, it is not present at all. 

The total sulfur dioxide decreases more rapidly in lemon juice 
than in orange juice. The total vitamin C, as mentioned above, is 
constant in lemon juice for a shorter period of time than in orange 
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Fig. 2. Absorption spectra of orange juice. 


juice. It seems that vitamin © and sulfur dioxide compete for oxy- 
gen at the start and therefore the vitamin C is capable of being 
oxidized only to the dehydro form. As time goes on the competition 
becomes less and then the dehydroascorbie acid can be oxidized 
further. (The reducing factor reaches a lower level much more 
rapidly in lemon juice than in orange juice.) Owing to the high 
acidity of the lemon juice the sulfur dioxide is lost more rapidly, 
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especially the free sulfur dioxide. This would account for the differ- 
ence in the slopes of the reducing-value curves. It is also interesting 
to note that both the total vitamii. C and the reduced vitamin C 
become constant at about the same time, i.e., the dehydroascorbic 
acid will not decrease below a fixed level, and as long as there is 
more reduced vitamin C to form dehydroascorbie acid, it can be 
oxidized. When the reduced vitamin has been used up, however, the 
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Fig. 3. Absorption spectra of lemon juice after oxidation. 


dehydroascorbie acid can no longer be oxidized and therefore remains 
constant. 

In following the color changes in the juices the samples were 
examined at 500 A intervals except at points of great change where 
the intervals were reduced. If Ke is plotted on logarithmic paper, 
the difference in height with different samples represents the dif- 
ference in the logarithms of the concentrations of coloring matter. 
The difference in absorption of orange and lemon juices for six 
hours and for 90 days is shown (Figs. 2 and 3). It should be men- 
tioned that, owing to the weak absorption of the undarkened solu- 
tions, although the spectrophotometer cup was set at its greatest depth, 
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the angle of reading was very great, i.e., 40 to 44 A. At this reading 
the accuracy is very limited and therefore slight variations are not 
significant. The absorption is general but increases toward the ultra- 
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Fig. 4. Rate of darkening of orange juice. 


violet. As darkening increases, the absorption at 7,000 A increases 
only slightly, while the absorption at 4,800 A increases quite rapidly. 
As an index of darkening (Figs. 4 and 5) the Ke at wave lengths 
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6,000 A and 4,800 A are plotted against time. There is no significant 
darkening in orange and lemon juices containing 500 p.p.m. of sulfur 
dioxide; the slight inereases are not significant. At 250 p.p.m. the 
darkening is faster for lemon than it is for orange. This can be 
associated with the evidence that in lemon juice the total vitamin C 
content decreases more rapidly than it does in orange juice. In juices 
containing no sulfur dioxide the darkening oceurred rapidly; the 
lemon juice again darkened more rapidly than the orange juice. It 
is curious to note that the darkening decreased after a period of 
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Fig. 5. Rate of darkening of lemon juice. 


time in orange juice. The darkening starts when the curve for total 
vitamin C reaches its first inflection point. Once the darkening starts 
it reaches its maximum quite rapidly. 

As reported by Joslyn, Marsh, and Morgan (1934) there is a 
correlation between vitamin C content and darkening. The darken- 
ing does not occur immediately but starts only after the initial iodine 
titration has reached a very low level, or a level at which all the 
vitamin C is in the dehydro (reversibly oxidized) form; then there 
is no longer any more oxidation of dehydroascorbie acid, but the 
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darkening occurs very rapidly. In the presence of sulfur dioxide the 
oxidation of vitamin C is delayed for a period of time apparently 
owing to competition for the oxygen between the vitamin C and the 
sulfur dioxide. After this initial period of competition, the sulfur 
dioxide has no effect on the oxidation of the vitamin. The extent to 
which the oxidation of the juice continues is independent of the 
sulfur dioxide present. Oxidation in orange and lemon juices occurs 
very similarly except that in lemon juice the process is faster. As 
for the mechanism of darkening, the data allow for two theories: 

(a) The vitamin C is oxidized to the dehydro form and this in 
turn is decomposed to further oxidation products. When all of the 
vitamin C in the reduced form has been depleted, the darkening 
oceurs as a result of polymerization of oxidation products of ascorbic 
acid. However, not all of the vitamin C participates in the darkening. 

(b) After the reduced ascorbic acid has been depleted, and only 
then, can an unknown substance X be oxidized and this in turn is 
quickly polymerized and darkening occurs. 

The effect of sulfur dioxide in preventing darkening can be ex- 
plained in either theory. As long as there is enough sulfur dioxide 
present in the juice the oxidation of the sulfur dioxide occurs and 
this prevents the polymerization of the oxidation products in the 
first theory. In the X theory the sulfur dioxide is more readily 
oxidized than X and of course darkening cannot occur until after 
the sulfur dioxide is oxidized. 

The second iodine titration, however, apparently does not repre- 
sent true dehydroascorbie acid content, as shown by the fact that in 
oxidized juices after H,S reduction the indophenol titre is much 
smaller than is the iodine titre. What the substances we have called 
‘‘dehydroascorbie acid’’ are, cannot be at present determined. Pre- 
liminary attempts to determine their nature by study of the absorp- 
tion spectra of fresh and oxidized juices in the ultra-violet region 
have revealed no definite differences. These studies are being con- 
tinued using the more specific colorimetric technique of determining 
vitamin C developed by Evelyn, Malloy, and Rosen (1938) and 
Bessey (1938). 

In support of the polymerization theory it can be noted also that 
orange juice, after reaching a maximum dark color, began bleaching 
again. This may be due to the further changes in the degree of 
polymerization and also to precipitation. 


CONCLUSIONS 
1. Lemon juice was oxidized by atmospheric oxygen much more 
readily than orange juice. 
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2. Dehydroascorbie acid or similar iodine-reducing substances de- 
creased at first at a rate proportional to that at which free vitamin 
C was reduced but then reached a constant minimum value which 
was independent of presence or concentration of sulfur dioxide. 

3. At the beginning of oxidation there was preferential oxidation 
of sulfur dioxide. 

4. Darkening did not occur until all the vitamin C was in the 
dehydro or some other form and there were no more readily oxidiz- 
able substances, such as sulfur dioxide, present in the juice. 


REFERENCES 

BACHARACH, A. L., Cook, P. M., AND Situ, E. R., 1934. The ascorbic acid con- 
tent of certain citrous fruits and some manufactured citrous products. 
Biochem. J. 28, 1038-1047. 

Bennett, A. H., AND TARBERT, D. S., 1933. Vitamin C in citrus juices. Biocliem. 
J. 27, 1294-1301. 

Bessey, Otro A., 1938. A method for the determination of small quantities of 
ascorbic acid and dehydroascorbie acid in turbid and colored solutions 
in the presence of other reducing substances. J. Biol. Chem. 126, 771-784. 

—_——, AND Kuna, C. G., 1933. Distribution of vitamin C. J. Biol. Chem. 103, 
687-698. 

Borsook, H., DaveNPoRT, H. W., JEFFREYS, C. E. P., AND WARNER, R. C., 1937. 
The oxidation of ascorbic acid and its reduction ia vitro and in vivo. 
J. Biol. Chem. 117, 237-279. 

Davey, J., 1921. Determination of the minimum doses of some fresh citrus 
juices which will protect a guinea pig from scurvy, together with some 
observations on the preservation of such juices. Biochem. J. 15, 83-103. 

De Caro, L., AND GIANI, M., 1934. Oxydationsschutz des Ascorbinsiure durch 
tierisches Gewebe. Ztschr. f. physiol. Chem, 228, 13-26, 

Der, E. M., 1925. The influence of storage on the antiscurvy value of fruits and 
vegetable juices. Biochem. J. 19, 141-152. 

Eppy, C. W., 1936. Absorption rate of oxygen by orange juice. Ind. Eng. Chem. 
28, 480-483. 

EMMERIF, A., 1934. Separation of cysteine from ascorbic acid by mercuric ace- 
tate. Biochem. J. 28, 268-269. 

EveLyn, K. A., MAuLoy, H. T., AND Rosen, C., 1938. The determination of 
ascorbie acid in urine with the photoelectric colorimeter. J. Biol. Chem, 
126, 645-654. 

Fusira, A., AND EsrHara, T., 1938-1939. Uber die kolorimetrische Bestimmung 

des Vitamin C. Biochem. Ztschr. 300, 136-142. 
, AND IwATAKE, D., 1935. ther die Bestimmung von Vitamin C mittels 
2,6-Dichlorophenol Indophenol. Biochem. Ztschr. 277, 293-295. 

Harris, L. J., AND Ray, S. N., 1933. Vitamin C and the suprarenal cortex. IT. 
Loss of potency of guinea-pig suprarenals in seurvy with notes on a 
method for determining antiscorbutie activity (hexuronie acid) by chem- 
ical means. Biochem. J. 27, 303-310. 

Hirst, E. L., an Zitva, S. S., 1933. Ascorbic acid as the antiscorbutie factor. 

Biochem, J. 27, 1271-1278. 











618 J. J. HAMBURGER AND M. A. JOSLYN 


JOHNSON, S. W., 1933. The regeneration of the reducing properties of oxidized 
lemon juice. Biochem. J. 27, 1287-1289. 

JOSLYN, M. A., AND MARSH, G. L., 1932. The relation of deterioration of orange 
juice to its iodine reducing value. Science 76, 82-83. 





———., AND ———.,, 1934. Iodine reducing value of orange juice. Effect of 
sodium benzoate and heat. Ind. Eng. Chem. 26, 857-860. 
, AND , 1935. Browning of orange juice. Ind. Eng. Chem. 27, 
186-189. 





, AND MoreGan, A. F., 1934. The relation of reducing value and 
extent of browning to the vitamin C content of orange juice exposed 
to air. J. Biol. Chem., 105, 17-28. 
KeELLIE, A. E., AND Ziuva, S. S., 1936. The identity of the indophenol-reducing 
substance in the Jensen rat sarcoma. Biochem. J. 30, 1216-1220. 
Kine, C. G., 1939. Water soluble vitamins. Ann. Rev. Biochem. 8, 371-414. 
Mack, G. L., AND TRESSLER, D. K., 1937. Vitamin C in vegetables. VI. A critical 
investigation of the Tillmans method for the determination of ascorbic 
acid in vegetables. J. Biol. Chem. 118, 735-742. 

, AND Kerresz, Z. I., 1936. Vitamin C in vegetables. III. Oxidation of 
aseorbie acid by metallic catalysts. Food Research 1, 377-382. 
Mawson, C. A., 1935. The influence of animal tissues on the oxidation of ascorbic 
acid. Biochem. J. 29, 569-579. 
McHenry, E. W., AND GRAHAM, M., 1935. Observations on the estimation of 
ascorbic acid by titration. Biochem. J. 29, 2013-2019. 
MENAKER, M. H., AND GUERRANT, N. B., 1938. Standardization of 2,6-dichloro 
phenol. Ind. Eng. Chem., Anal. Ed. 10, 25-26. 
Morgan, A. F., Freup, A., AND NICHOLS, P. F., 1931. Effect of drying or sulfur 
ing on vitamin C content of prunes and apricots. J. Agr. Res. 42, 35-45. 

, LANGSTON, C. I, AND FIELD, A., 1933. Effect of carbon dioxide and 
sodium benzoate on the vitamin C content of orange juice. Ind. Eng. 
Chem. 25, 1174-1176. 

NELSON, E. M., AND Morrern, H. H., 1933. Vitamin C content of frozen orange 
juice. Ind. Eng. Chem. 25, 216-218. 

NicuHous, P. F., AnD REED, H. M., 1932. Distillation methods for determination 
of sulfur dioxide. Ind. Eng. Chem., Anal. Ed. 4, 79-84. 

QuASTEL, J. H., AND WHEATLEY, A. H. M., 1934. An effect of ascorbic acid on 
fatty acid oxidations in the liver. Biochem. J. 28, 1014-1027. 

Ripper, M., 1892. Die schweflige Siure in Weine und deren Bestimmung. J. pr. 
Chem. 45, 428-434. 

STEIGERWALDT, F., 1938. Der Sauerstoffverbrauch durch Ascorbinsiure und seine 
Beeinfiussung. Biochem. Ztschr. 298, 197-205. 

STEVENS, J. W., 1938. Estimation of ascorbic acid in citrus juices by iodine 
titration method. Ing. Eng. Chem., Anal. Ed. 10, 269-271. 

SVIRBELY, J. L., AND SZENT-GyOrGYI, A., 1932. The chemical nature of vitamin C, 
Biochem. J. 26, 865-870. 

SzenT-GyO6reyI, A., 1928. Observations on the function of peroxidase systems and 
the chemistry of the adrenal cortex. Description of a new carbohydrate 
derivative. Biochem. J. 22, 1387-1409. 

TILLMANS, J., Hirscu, P., AND Dick, N., 1932. Uber die Reversibilitat der Oxyda- 
tionen des reduzierenden Stoffes im Citronensaft. Ztschr. Untersuch. 

Lebensm 63, 267-275. 




















AUTO-OXIDATION OF FILTERED CITRUS JUICES 619 


VAN EEKELEN, M., AND EMMERIE, A., 1936. Some critical remarks on the deter 
mination of ascorbic acid. Biochem. J. 30, 25-27. 

—_———, ————, JOSEPHY, B., AND WoLFr, L., 1933. Vitamin C in blood and urine. 
Nature 132, 315-316. 

WILLIAMS, J., AND CORRAN, J. W., 1930. The preservation of the antiscorbutie 
vitamin in lemon juice. Biochem. J. 24, 37-50. 

ZiLva, 8S. S., 1927. The antiscorbutie fraction of lemon juice. V. Biochem. J. 21, 
689-697. 














STUDIES ON THE GERMICIDAL EFFICIENCY OF CHLO- 
RINE IN CONTROL OF MICROORGANISMS IN STARCH! 


V. H. MCFARLANE anp H. H. HALL 
Agricultural Chemical Research Division, Bureau of Agricultural Chemistry 
and Engineering, U. S. Department of Agriculture, Washington, D. C. 


(Received for publication, February 14, 1941) 


Microérganisms introduced into bakery goods, candies, meat 
pastes, ice creams, canned goods, and other edible products through 
the medium of starch are potential spoilage agents. The contamina- 
tion of textile-grade starch is also undesirable, especially when such 
starch is used in the manufacture of food-packaging materials. 
There is an evident need for investigating methods for controlling 
the microbial population in food starches during the manufacturing 
process. In the manufacture of starch the treatment of starch milk 
with strong germicidal agents has not been considered desirable. 
This is because of the possible alteration of starch properties, the 
increase in manufacturing cost, and the difficulty of removing the 
excess reagent or other undesirable compounds. Exposure to pro- 
longed heating or to high temperature in the vacuum dryer requires 
excessive time or alters the physical properties of the starch. There 
is the possibility, however, that the microbial content might be low- 
ered by slight alteration in the chlorine bleaching technic whenever 
that technic is used in the manufacturing process—Fuller (1934, 
1935) and Rehwald (1926). Experimental work presented in this 
paper concerns investigations of this possibility. Studies have been 
made to date on only the sweet-potato starch process, although it is 
believed that chlorine may be used also with similar results in the 
purification of such other starches as white potato, sago, and tapioca. 

Bleaching practice in one commercial plant, as reported by Paine, 
Thurber, Balch, and Richee (1938), has been to add sodium hypo- 
chlorite solution, containing four to six per cent available chlorine, 
to starch milk adjusted within 10 to 15°Bé. and usually having a 
reaction slightly above pII 8 (just alkaline to phenolphthalein). 
Sufficient hypochlorite solution is added so that a slight excess re- 
mains after one to two hours continuous agitation, as measured 
qualitatively with potassium iodide solution. Excess available chlo- 
rine is destroyed after the bleaching operation with sulfurous acid, 
and the bleached starch is then adjusted with hydrochloric acid or 
sodium hydroxide to a Gefinite desired pH. 
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Although the bleaching procedure is reasonably uniform for 
every batch of starch milk, the extent of disinfection varies. Two 
properties of starch milk which interfere with the germicidal effi- 
ciency of chlorine are its high content of organic matter and its 
decidedly alkaline reaction. Regarding the first property very little 
need be said, since numerous investigations with respect to the use 
of chlorine in disinfecting sewage, water, dairy utensils, ete., have 
established the fact that organic matter markedly interferes with 
the germicidal powers of chlorine. The nature and amount of 
organic material present in a medium determines the amount of 
chlorine usually necessary to destroy microbial life. The cost of 
large quantities of chlorine prohibit its use in most instances when 
disinfection is the only objective. The significance of the reaction 
of a medium to be rendered sterile by means of chlorine has only in 
recent years received marked attention. A number of investigators 
have contributed to the literature: Rideal and Evans (1921), Wright 
(1926), Holwerda (1928), Myers (1929), Tilley and Chapin (1930), 
Johns (1930, 1934), Fabian, Beavens, Bryan, and Jensen (1931), 
Myers and Johnson (1932), Mallmann and Schalm (1932), Deve- 
reux and Mallmann (1934), Prucha (1934), Charlton and Levine 
(1935), and Seales and Kemp (1939a,b). It has been amply demon- 
strated that hypochlorites are more effective germicidal agents in a 
medium in the region of neutrality than in one possessing a high 
alkaline reaction. 

EXPERIMENTAL METHODS 

With the above facts in mind, experiments were set up with the 
object of determining whether or not it would be both possible and 
practical to bleach and disinfect starch milk in one process. Dry, 
unbleached, second-table starch was made up in solution to 10° Bé. 
with sterile distilled water. One thousand-gram quantities were 
placed in sterile half-gallon jars and kept continuously agitated by 
means of motor-driven stirrers. This was done at 24 to 27°C.(75.2 
to 80.6°F.). No endeavor was made to operate the stirrers under 
completely aseptic conditions or to obtain absolute sterility of the 
samples by chlorination. In one series of tests heavy suspensions of 
Flavobacterium arborescens were added to the stareh milk; in a 
second series advantage was taken of the mixed microbial flora 
already present in the starch; and in a third Bacillus stearother- 
mophilus spores were introduced. These microérganisms, Flavobac- 
terium arborescens and Bacillus stearothermophilus, were chosen be- 
cause they were representative flora which had been isolated from 
starch milk and from finished starch. Just before the addition of the 
hypochlorite solution and every 15 minutes thereafter for two hours 
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samples were withdrawn for bacteriological analysis and placed in 
tubes containing crystalline sodium thiosulphate. The samples were 
immediately plated on nutrient agar. Bacillus stearothermophilus 
plates were incubated for two days at 55°C.(131°F.), others for 
three days at 30°C.(86°F.). Different quantities of a commercial 
hypochlorite solution were added to the samples undergoing agita- 
tion so that the calculated amount of available chlorine in different 
samples of a series were 80, 100, 133, 200, 400, and 1,000 parts per 
million, respectively. After mixing for 30 to 60 seconds samples of 
starch milk were withdrawn for titration. Available chlorine was 
determined by the iodometriec method using .01N or .02N sodium 
thiosulphate solution. Titrations were made every 15 minutes for 
two hours on unfiltered portions. 

An endeavor was made to adjust the reaction on the starch milk 
to approximately pH 8 at the beginning of the tests, using either 
saturated calcium hydroxide or normal hydrochloric acid solutions 
as needed. Allowances were made for dilution and for the alkalinity 
of the chlorine soiution before its addition. At the end of the two- 
hou: test period the chlorine remaining in the sample was destroyed 
with sulfurous acid. Biichner filter funnels were used in separating 
the starch from the liquor. The eaked starch was broken up, air- 
dried, and powdered. To determine the bleaching effect of the 
chlorine, photoelectric—reflectance measurements were made with the 
Keane-Brice (1937) photometer, an instrument designed to measure 
whiteness by light reflectance expressed as percentage of the white- 
ness of a standard plate calibrated with magnesium oxide. Although 
sweet-potato starch whiteness has not been standardized, a photometer 
reflectance reading of 90 has been considered as indicative of a very 
acceptable degree of whiteness. Viscosity tests were made with a 
Stormer viscosimeter on starch after gelatinizing under standard 
conditions, Thurber (1933), to determine the influence of different 
amounts of chlorine. Starch with a viscosity of 50 or less may be 
used by some of the food industries, while others, such as the textile 
industry, may require a viscosity of 125 or greater. 


EXPERIMENT 1. FLAVOBACTERIUM ARBORESCENS 

The second-table starch used in this series of tests was some which 
had been obtained in the fall of 1937 from a commercial plant, air- 
dried, and put away in tightly closed tin containers. In the labora- 
tory it was ground to a powder and thoroughly mixed before its 
use in preparing 10° Bé. starch milk. Its reflectance reading was 
80.7; its viscosity reading was 97.5. The original microbial count, 
as determined by incubating nutrient agar plates for three days at 
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30°C., was negligible. Flavobacterium arborescens was grown on 
nutrient agar slants for three days at 30°C., washed off, and sus- 
pended in a small quantity of sterile distilled water. A sufficient 
quantity of this heavy suspension was added to starch milk to give 
approximately 80,000,000 viable bacteria per cubic centimeter. Sus- 
pensions of the same density were made in distilled water controls. 
The strengths of chlorine tested against the cells of Flavobacterium 
arborescens in 1,000-gram samples of starch milk and in 1,000-gram 
samples of water were 80, 100, 133, 200, and 400 p.p.m. A series of 
unchlorinated water suspensions were given the same mechanical 
treatment as the chlorinated starch milk and chlorinated water 
suspensions. 

All strengths of chlorine used were well over 99 per cent effi- 
cient in destroying cells of the Flavobacterium species within the 
first 15 minutes in starch milk and in water. In most instances, 
there were no significant decreases in the counts after the first 30 
minutes. An interesting phenomenon observed in this experiment 
has previously been ‘reported by Mudge and Smith (1935) and re- 
ferred to as the ‘‘jump-up”’; i.e., the tendency for some of the high 
dilution plates to give higher counts than the lower dilution plates 
made from the same sample. The highest values were accepted in 
this experiment as being more truly indicative of the extent of 
disinfection. Both chlorinated starch milk and chlorinated water 
samples exhibited the phenomenon but not with any appreciable 
regularity. All chlorinated samples had low counts at the end of 
the two-hour period. There were from two to 120 bacteria per c.e. 
in the starch-milk samples; and from zero to eight in the water 
samples. An average of 76 per cent of the cells remained viable in 
the unchlorinated water controls during the two-hour period. 

Available chlorine disappeared rapidly from the starch milks as 
shown by typical data (Table 1). The greatest decreases occurred 
almost immediately after addition of the hypochlorite; less significant 
ones occurred thereafter. There was a close relationship ‘tween the 
disappearance of the available chlorine and the destruction of the 
microorganisms. In the chlorinated water controls the initial de- 
creases in available chlorine were much less than in starch-milk 
samples similarly treated; 59.3 to 353.6 p.p.m. available chlorine 
remained throughout the two-hour period. The presence of large 
numbers of bacteria and continuous agitation in an open vessel were 
two factors which probably assisted some in lowering the available 
chlorine. No effort was made in this experimenc, however, to estab- 
lish the extent of their influence. Fabian and coworkers (1931) 
reported that large numbers of bacteria reduced the amount of 
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available chlorine and showed that 100,000,000 bacteria per c¢.c. re- 
duced 46 p.p.m. available chlorine to 22.6 p.p.m. in 30 minutes at 
50°C. (122°F.). 

Reflectance and viscosity readings on the finished starches (Table 
2) show that the larger amounts of available chlorine used in treating 
the starch milks resulted in higher reflectance values and lower vis- 
cosity values for the finished starch. The second-table starch used in 
this experiment had an initial low viscosity value and little effect 
was made on it by increased amounts of chlorine. Eighty p.p.m. of 
available chlorine were sufficient to destroy practically all of the cells 


TABLE 1 
Loss of Available Chlorine in Chlorinated Starch-Milk and Water 
Suspensions of Flavobacterium arborescens 








Available chlorine in 














Action time | Starch milk 10°Bé. | Distilled water 
80 133 | 400s 80 133 400 
min, p.p.m. p.p.m. | p.p.m. p.p.m. = p.p.m. ppm. 
M1 | 249 | 35.5 | 3561 82.4 132.4 | 381.6 
15 so | 135 | 1125 63.9 | 1235 | 373.1 
30. 53 | 178 | 1001 65.7 84.8 | 369.9 
45 3.9 170 | 927 65.7 117.1 | 364.2 
60 3.6 12.8 | 863 63.5 | 1175 | 359.6 
75 3.6 10.7 92.3 61.1 114.3 | 360.3 
90 5.3 9.9 71.7 61.4 115.4 | 357.5 
105 3.6 9.9 56.8 60.4 111.1 | 353.9 
7.5 56.0 | 59.3 109.7 353.6 





120 3.6 
of Flavobacterium arborescens. Between 200 and 400 p.p.m. were 
needed to produce a starch whiteness having a reflectance value in 
the neighborhood of 90. 
EXPERIMENT 2. MIXED MICROBIAL FLORA 

The microbial flora used for testing the germicidal efficiency of 
the bleach was the mixed flora already present in the second-table 
starch. The second-table starch for this experiment was prepared in 
the laboratory by a method essentially the same as that used in the 
factory. Preparation of the wet starch continued over a-period of 
32 hours at 22 to 24°C.(71.6 to 75.2°F.) in order to permit the 
development of a rich microbial flora. After the second tabling proc- 
ess the starch was air-dried, powdered, and mixed. Its reflectance 
reading was 84.5 and its viscosity reading was 392.5 (Table 2). 

The experimental set-ups were similar to those for the previous 
experiment, except water controls were not run. Plate counts made 
on the starch-milk samples before the addition of the chlorine aver- 
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aged 85,000 microbial forms per ec.c. Representative forms found 
were Micrococcus subflavescens, Micrococcus cereus, Lactobacillus 
listeri, Bacillus subtilis, Flavobacterium arborescens, Chromobacte- 
rium species, ete. No observations were made in this experiment 
with regard to the action of available chlorine on any thermophilic 
bacteria which may have been present in the starch. 

Two hundred, 400, and 1,000 p.p.m. available chlorine lowered 
the initial count (85,000 per ¢.c.) in 15 minutes to values ranging 
from zero to two per ¢.c. Eighty, 100, and 133 p.p.m. reduced the 
initial count to values ranging from 20 to 53 per e.c. No appreciable 
change was observed in the microbial population in any chlorinated 


TABLE 2 
Reflectance and Viscosity Readings on Finished Starch Bleached With 
Different Amounts of Available Chlorine 


























Available Experiment 1 Experiment 2 | Experiment 3 
bance Reflectance | Viscosity * Reflectance Viscosity ! | Reflectance | Viscosity ? 
is p.p.m. eel it smae: - 7 : a : 
Unbleached 80.7 97.5 84.5 392.5 73.0 289.0 
(2nd T.)? | 
80 83.8 95.0 89.0 89.5 77.9 148.5 
100 84.1 97.5 91.7 105.5 79.5 146.0 
133 86.4 | 91.0 92.0 | 88.5 82.6 117.5 
200 87.7 } 82.0 92.6 } 97.0 86.4 120.5 
400 93.0 | 86.0 94.4 91.5 90.8 95.0 
a: crm! ime 95.0 51.0 93.4 67.0 





1In terms of Y% second per 100 revolutions. *?2nd T. = second-table starch. 


sample after the first 15 minutes. This is of particular interest in 
view of the fact that the titrations revealed, as in Experiment 1, 
that there was a marked decrease in available chlorine immediately 
after the introduction of the hypochlorite into the starch milk and 
that by comparison any changes occurring after the first 30 minutes 
were very slight. Depending upon the initial amounts used, traces 
to 361.4 p.p.m. of available chlorine remained in the different starch- 
milk samples at the end of two hours. The reflectance and viscosity 
values of the finished starches are recorded (Table 2). Again it may 
be seen that the larger amounts of available chlorine used in bleach- 
ing resulted in higher reflectance values and lower viscosity values 
for the finished starch. Less than 100 p.p.m. of available chlorine 
were necessary to produce a starch with a reflectance value of 90. 
Two hundred p.p.m. were necessary to destroy the mixed microbial 
flora in the starch milk. This latter amount of available chlorine 
reduced the viscosity to 97 in the finished starch. 
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EXPERIMENT 3. BACILLUS STEAROTHERMOPHILUS 

A seeond-table grade starch, prepared in the laboratory from 
first-table starch obtained from a commercial plant in the fall of 
1937, was inoculated with spores of Bacillus stearothermophilus. In 
order to eliminate any vegetative cells in the starch it was spread 
in thin layers on metal trays and heated in hot air at 80 to 85°C. 
(176 to 185°F.) for 15 minutes. After cooling to room temperature 
the starch was powdered and mixed. Its reflectance reading was 
73 and its viscosity reading was 289. Experimental bleaching and 


~ 


TABLE 3 
Behavior of Bacillus stearothermophilus. in Starch Milks Bleached With 
Different Amounts of Available Chlorine 











Plate counts 
Action time Available chlorine in bleach 


400 p.p.m. 





200 p.p.m. 1,000 p.p.m. 


Before 7 per ¢.c. per c.c. per c.c. 

chlorination 32,300 32,300 32,300 
min, (after) 

15 27,400 10,900 10 

30 22,600 8,400 2 

45 27,000 5,500 3 

60 26,000 11,500 0 

75 27,000 5,400 0 

90 33,000 6,800 2 

105 32,200 6,900 0 

120 28,100 6,100 4 


disinfecting procedures used were the same as those used in Experi- 
ment 2. The initial spore count on the stareh milk was 32,300 per c.c. 

The two highest concentrations of chlorine, 400 and 1,000 p.p.m., 
were decidedly detrimental to the spores and accomplished the great- 
est destruction within 15 minutes as shown (Table 3). The former 
concentration of chlorine reduced the spore content of the starch 
milk to 10,900 spores per e.c. in 15 minutes and to 8,400 per e.e. 
in 30 minutes. The latter concentration of chlorine reduced the spore 
content of the starch milk to 10 spores per ¢.e. in 15 minutes and to 
two per ¢.c. in 30 minutes. Chlorine concentrations, 80. 100, 133, 
and 200 p.p.m. had very little effect on the spore counts during the 
two-hour period ; counts at the termination of these tests were 25,000, 
36,200, 27,100, and 28,100 spores per e.c., respectively. The ‘‘jump- 
up’’ phenomenon was not observed. 

Titratable chlorine disappeared in the same manner as in the 
previous experiments; i.e., a rapid decrease occurred with the maxi- 
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mum amount being used in each test within the first 30 minutes 
(Table 4). Reflectance and viscosity data are recorded (Table 2). 

The findings, with regard to the relationship between the amount 
of the available chlorine used in the bleach and the reflectance and 
viscosity values of the finished starch, are in accord with the find- 
ings obtained in Experiments 1 and 2. Four hundred p.p.m. of 
available chlorine produced a starch with a reflectance value of 
90.8 and a viscosity value of 95, and 1,000 p.p.m. produced a starch 
with a reflectance value of 93.4 and a viscosity value of 67. 


TABLE 4 
Loss of Available Chlorine in Chlorinated Starch-Milk Suspensions 
of Bacillus stearothermophilus 





| Available chlorine in 





Starch milk 10° Bé. 











* 80 | 7 200 | 400 1,000 

ise ears | 
Y%y-] 15.6 75.6 nn re 
15 9.6 28.8 124.3 593.6 
30 9.6 20.9 85.9 473.6 
45 6.7 17.8 66.7 371.3 
60 5.3 17.8 73.1 323.1 
75 5.3 11.0 44.0 299.6 
90 5.0 9.6 | 31.9 204.4 
105 3.2 11.4 | 41.2 227.2 
9.2 41.2 203.8 





120 | 3.6 


DISCUSSION 

It is evident, from observations made in the above experiments, 
that different batches of starch milk require different bleaching 
treatments to lower the microbial population to zero or to lower 
limits which may be acceptable to the food industry. The experi- 
mental data clearly indicate that if the spores of such an organism 
as Bacillus stearothermophilus are to be destroyed it may be neces- 
sary to use 1,000 p.p.m: of available chlorine or even more in a 10° Bé. 
starch milk.. On the other hand, if the spore count is low and there 
is only a slight amount of foreign organie matter present, a consider- 
ably smaller quantity of available chlorine may suffice. Fortunately 
greatest microbial destruction takes place during the first 15 minutes 
and it is probable that the maximum would be reached within 30 
minutes. If bleaching takes place at a correspondingly rapid rate, 
and macroscopic observations indicate that it does, it is reasonable to 
suppose that a shortened bleaching period may prevent a maximum 
lowering of the viscosity for a given amount of available chlorine. 


~ 
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These studies have shown that the use of available chlorine for low- 
ering the microbial content of starch is satisfactory, but that amounts 
in excess of that required for bleaching purposes might be advan- 
tageously recommended for the preparation of food starches, since 
they must be relatively free of potential food-spoilage organisms. 
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